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Abstract
((Studies o f  Obesity in Bahrain” 
Supervised by: P rof John. W. T. Dickerson 
Dr. Jane Morgan
The problem of obesity in Bahrain was examined in three different studies. In the first 
study, demographic and social factors related to obesity were studied in 290 subjects 
(153 females and 137 males) from urban and rural areas. The prevalence of obesity, 
defined as BMI >30, was found to be 16 % for the males and 31 % for the females, 
while the prevalence of overweight (BMI 25-25.9) was 26 % and 29 % respectively. 
Factors significantly associated with obesity in this study included large family size, 
unemployment and urban environment. Overall the prevalence of obesity was found 
to be higher in Bahrain than in western countries, especially among women. Bahraini 
women also had greater fat deposition in the subscapular region than the amount 
reported for American women, which might be attributed to racial in addition to social 
factors. Although the percentage of obese individuals was higher, there were some 
adults (16.8 % of males and 11.8 % of females) who were underweight or possibly 
malnourished (BMI < 20).
A second study was made of 107 Bahraini children with one or both parents who were 
obese or overweight (62 families) according to their BMI ( > 85th percentile ), 21.7 % 
of the children were found to be overweight or obese; 14.2 % could be classified as 
obese or overweight according to their triceps skinfold thickness ( > 85th percentile ) 
and 31.1% according to their subscapular skinfold thickness ( > 85th percentile ). 
Obesity in the children as judged by BMI was correlated more with the father’s than 
the mother’s BMI. However, energy intakes of these children were found to be 
correlated with the mother’s BMI. Regardless of their mother’s fat status, some 
children may have had a form of undemutrition, as assessed by their parents reporting 
of their energy intake.
A third clinical study on 40 selected females found no significant distinction in blood 
glucose/mmol/L level between females of an obese group and those of a normal 
weight group. However, all lipid metabolism parameters measured (cholesterol, 
triglycerides, LDL level) were elevated in the obese group. HDL level and HDL/LDL 
ratios were significantly lower in the obese group than in the average weight group.
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Chapter 1 
“ General Introduction 99
1.1-  Introduction:
Obesity is one of the most important nutritional problems and the least understood 
area in the science of nutrition (Whitney and Hamilton, 1981). It is a nutritional 
problem where the incidence continues to increase in spite of an increased awareness 
about diet and health (Ashwell, 1994).
Obesity may be defined as an “abnormal” generalized increase in the amount of 
adipose tissue. Usually overweight results from an un-balanced energy budget; the 
overweight person has consumed more energy (kcal) than has been expended and this 
excess is stored as fat (Garrow, 1984).
Overweight and obesity are distinguished by the degree to which the weight of the 
individual exceeds the average body weight for height and frame. Obesity is defined 
as a condition in which the body weight exceeds 20 % of the average weight for 
height and frame (Nieman, 1992). Overweight is a condition in which the body 
weight is 10 to 20 % above the average weight for height and frame (Bray, 1985).
Excess body fat, whether “overweight” or “obesity” has become a public health 
problem of considerable importance. Estimates of its prevalence range from 10 to 
50 % or more in the adult population (Van Gall, 1987). Garrow indicated that about a 
third of all adults in the U.K. are overweight to an extent which causes a measurable 
decrease in health and longevity (Garrow, 1980). Ashwell (1994) noticed that the 
prevalence of obesity has increased gradually in the U.K during the last 50 years.
According to the National Health and Nutrition Examination Survey, an estimated 34 
million U.S. adults are obese (Melkus, 1994). Of these, more women (19 million) 
than men (15 million) are affected (Kuczmarski, 1992). These data document a 
substantial increase in overweight among US adults and support the findings of other
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investigations (Bray, 1985; Millar & Stephans, 1987; Wurtman & Wurtman, 1987) 
that show notable increases in overweight during the past decade. The health 
implications of obesity are well known and contribute to increased morbidity and 
early mortality in those who are affected (Bray & Gray, 1988). As a result obesity has 
become a public health concern that has been targeted as a national health objective 
called “Healthy People 2000”. The overall health objective in the U.S.A, related to the 
problem of overweight in adults, is to reduce its prevalence from 26 % to < 20 % 
(Melkus, 1994). However, the observations suggest that the “ Healthy People 2000” 
objective of reducing the prevalence of overweight US adults to no more than 20 %, 
may not be met by the year 2000 (Kuczmarski et al, 1994).
Exposure to western customs and diet leads to parallel changes in body mass index, 
and dietary fat intake. For example, following World War II culturally mediated 
changes in diet and levels of physical activity associated with a modem industralized 
society may have led to the large increases in obesity in certain American 
communities, such as the Pima Indians (Price et al, 1993) and Japanese Americans 
(Curb & Marcus, 1991), and to smaller parallel changes observed worldwide in 
westernized countries (Price et al, 1993).
During the past half-century the prevalence of obesity in developed countries has 
increased greatly. Such changes in prevalence must be environmentally determined, 
but genes can also mediate responses to environmental changes (Price et al, 1994).
The prevalence of obesity in Arab Gulf society also may be due, in part, to the 
western diet. Obese people may have developed an intense fondness for high-fat 
foods, and our culture provides unlimited access to these foods through the fast food 
and convenience food industry. Therefore, the western diet, which leads to weight 
gain, also leads to a physiologic increase in fat tissues (Vickers, 1993).
The Arabian Gulf Countries, Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the 
United Arab Emirates (UAE), have similar social, economic and geographic
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characteristics, with common nutritional problems. There are a lack of data on the 
nutrition profile of this region, particularly before 1980. More recent information is 
available in some countries, although it covers only a limited number of nutrition 
indicators. During the oil boom period or the golden decade of the Gulf Countries 
(1970-1980), there was an impressive change in all aspects of life with resultant 
dramatic changes in the health and nutritional situation (Musaiger, 1987).
In Bahrain, the rapid change in socio-economic status due to oil revenues during the 
past 30 years has led to great changes in food habits and life style in the population. 
It is now recognized that over-consumption of animal foods, sugar, and fat contributes 
to many diseases such as obesity, diabetes and heart diseases. These health disorders 
are becoming the major public health problems in Bahrain (Musaiger, 1991).
Obesity in Bahrain is a matter of concern, especially among women. It was found 
that about 39 % of adult females in Bahrain were obese (+120 % of Harvard standard 
of weight for height) (Amine, 1980). A study by Musaiger et al (1989) showed a 
high level of subcutaneous fat among school children in Bahrain. Lack of physical 
exercise and high dietary energy intake are considered to be the main factors 
responsible for accumulation of fat among these children. As has been previously 
stated, it is well evident that obesity is a risk factor for several diseases, such as 
hypertension and some types of cancer (Musaiger, 1991).
Heart diseases are the major cause of death in Bahrain, and represent 1/3 of total 
deaths (Health Statistics Report. 1995). The high intake of animal fat and sodium 
and lack of physical exercise and a sedentary life style may play a significant role in 
increasing the risk of heart diseases in the country. Statistics have shown that there 
was a sharp increase in the per capita intake of red meats, chicken, eggs and animal 
fat during the period 1972-1984 (Musaiger, 1991).
Diabetes mellitus is another important health problem in Bahrain. Although the cause 
of death due to diabetes is probably under-reported, it has been estimated that about
3
4 % of total deaths are due to diabetes. Such deaths occur at age 45 years and over. 
In 1987, the death rates from diabetes for people aged 65-74 years was 242 and 345 
per 100,000 for males and females respectively. The main type of diabetes in Bahrain 
is non-insulin dependent diabetes (Type II). This kind of diabetes is mostly linked 
with obesity (Musaiger, 1991). Gaining weight seems to precipitate diabetes. A fibre- 
depleted starchy carbohydrate food hypothesis has been postulated concerning diabetes 
and/or obesity. Both of these diseases are rare in communities accustomed to eating 
large amounts of starchy foods un-depleted of dietary fibre (Burkitt and Trowell, 
1975).
A study conducted on nutritional disorders among hospitalized patients in Bahrain ten 
years ago, indicates that the prevalence of diabetes was much higher in urban areas 
compared with the rural areas. In 1982, approximately 30 % of all Bahraini who were 
diabetics lived in Muharraq city, and the same percentage (30 %) lived in Manama 
city (the capital), while the prevalence of diabetes in rural areas was very low: 1.9% 
for the Western region, 3.4 % for Sitra, and 3.4 % for the Northern region (Musaiger, 
1985).
The rising incidence of coronary heart diseases in Bahrain, especially ischaemic heart 
disease, has led the government to establish a local cardiac centre, The Mohammad 
Bin Khalifa Bin Sulman Al-Kahlifa Cardiac Centre, at the Bahrain Defence Force 
Hospital (BDF). Treatment at this centre, which was opened in October 1992, is 
available free of charge to the whole population of Bahrain. All forms of investigative 
and therapeutic cardiology with subsequent cardiac surgery are undertaken (Reece 
et al, 1995).
Attention has been drawn to the differences in distribution of fat in men and women. 
The android (central) fat distribution in males favours distribution on the trunk (chest 
and abdomen) leading to a higher waist/hip circumference ratio, while the female 
gynoid (peripheral) distribution favours fat on the periphery (upper arms, hips,
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buttocks and upper thighs) leading to a lower waist /hip circumference ratio 
(Maclem,1976).
Vauge (1977) reported the relationship between upper trunk (male) android obesity 
and the prevalence of diabetes mellitus and glucose intolerance. A relative 
predominance of fat in the abdominal region is more frequent in men and is strongly 
related to metabolic disturbances. In women, gluteal- femoral fat accumulation is 
more common (Van Gaal, 1987).
The risk of obesity-associated disorders in men and women with the same degree of 
obesity is different; men have higher levels of blood glucose, higher plasma insulin, 
triglyceride concentrations and higher blood pressure. This generally is true for 
moderately obese male subjects, while women reach the risk zone only when they 
become severely obese (Bjomtrop, 1984).
The risk of obesity complications has been found to be more prevalent in women with 
the male or android type of obesity than women with female or gynoid type obesity 
(Bjomtorp, 1984; Bray and Gray, 1988; Gray, 1989). Numerous studies have shown 
that both men and women with the android compared with gynoid fat distribution 
have a significantly higher prevalence of coronary heart disease, cerebrovascular 
disease, hypertension and diabetes mellitus (Type II). This fat distribution is also 
associated with a high incidence of metabolic abnormalities, including high blood 
pressure, high insulin level, and elevated glucose, C-peptide, cholesterol, and 
triglycerides levels. The metabolic bases for these important changes are still being 
researched but it is probable that sex hormones are primarily involved (Maclem, 1976, 
Van Gaal, 1987).
Racial and socioeconomic conditions play important roles in the development of 
obesity. For instance, excess body weight was found to be 7 to 12 times more frequent 
in women from lower social classes by Deurenberg and Hautvast (1989). In their 
study, BMI was not influenced by social class and age but by factors such as parity
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(women with 2 or more children had a higher BMI than those with fewer children) 
and urbanization (rural vs urban, rural women having a higher BMI than urban) 
(Deurenberg and Hautvast, 1989).
6
M bU K ti  l . l  O I Mi c  w r  DMnnMin
AL HOORA M.C. 
I8N  8IN A  H.C. 
A M ER. M ISS IO N  H OSPITA L 
AL RAZI H.C. 
SOU TH  NAIM  H.C. 
PSY C H IA T R Y  HOSPITA L
JID H A F S  M A T. HOSPITA L 
JIO H A FS  H.C. 
IN TERN A TIO N A L HOSPITA L 
BUDAIYA H.C.
BILAO AL KAOIM  H.C.
W E S T E R N  REGION H.C. 
HAMAD TOWN H.C. 
W .R . M ATERN ITY  H O S P .
ZALLAO C U N IC
*  HOSPITALS (GOVT.)
A HOSPITALS (PRIVATE)
•  HEALTH CENTRES 
■  CLINICS
QERIATRIC H O SPITA L 
M UH A RRAQ  M A TERN ITY
AL OAIR H.C.
N ORTH  M UH A RRAQ  H .C . 
SHAIKH 8ULM AN H .C .
• AL HEDO H.C.
8ULM ANIYA M EO. C E N T R E
SHAIKH SABAH H .C.
8ITRA  M ATERNITY 
8ITRA  H.C.
E S 8A  TO W N  H.C.
A 'A  LI H.C.
BOF H OSPITA L
EA ST RIFFA'A M A TERN ITY
E A ST RIFFA'A H.C.
W E ST  RIFFA'A H .C
A W A U  HOSPITA L
J A W  ASKER C U N IC
o p
Howar Islands
7
1.2-  The State o f  Bahrain:
The State of Bahrain is an archipelago consisting of 33 islands situated centrally on 
the western shores of the Arabian Gulf (Figure 1.1). The total area is about 706.55 
square km. It lies 22 km off the eastern coast of Saudi Arabia. There are six principal 
islands in the group, namely Bahrain, Muharraq, Sitra, Jidda, Umm an-nassan and 
Howar islands. The largest of these islands is the Bahrain island (586.51 square Km). 
It represents 85 % of the total land area, from which the state takes its name. 
Muharraq (20.81 square km), is the second most important island after Bahrain. 
The third main island is Sitra with an area of ten square km (Statistical Abstracts. 
1993).
The climate of Bahrain is generally very hot in summers (May to October) with high 
humidity and mild temperatures in winters, with low humidity. The maximum level of 
relative humidity is around 80 %. The climate is pleasant from November to April, 
with temperatures ranging from 15°c to 24°c.
The total population of Bahraini people in the 1991 census was 356,100, of which 
182,800 were males and 173,300 were females (Bahrain in Figures. 1994)
Bahrain has always played an important role in the history of the Gulf region. 
Due to its strategic geographical location, Bahrain is known as an advanced 
commercial centre and a leader of trade in the Arab Gulf and India in past history and 
more recently (Tucker and Duffy, 1985).
The present Amir of Bahrain is Shaikh Isa Bin Salman Al-Khalifa. Under his reign the 
state of Bahrain gained its independence from Britain in August 1971. At that time 
Bahrain entered the international community as an independent country and was 
accepted as a member in the United Nations. Bahrain joined the Organization of Arab 
Petroleum Exporting Countries (OAPEC) in 1973 (Clarke, 1981).
One of the important events in contemporary Gulf area history was the formation of 
the Gulf Cooperation Council (GCC) which took place on the 25th of May, 1981 
between the six Gulf states: the Kingdom of Saudi Arabia, Kuwait, The United Arab 
Emirates, the Sultanate of Oman, Qatar and the State of Bahrain.
Bahrain was one of the richest areas in the northern Gulf prior to the discovery of oil. 
Although currently oil contributes only about one sixth of the gross domestic product 
(GDP), oil sales provide over 50 percent of government revenues and public 
expenditure and oil is thus a powerful force in the economy. Manufacturing and 
banking are both important sectors of the economy and offshore banking units have 
been able to operate in Bahrain since 1975.
Although Bahrain has been affected by the world oil price slump, its real impact only 
began to take effect in 1984 and 1985. Oil accounted for only 16.3 % of GDP in 1986 
and the banking sector was nearly as significant, contributing 14.1 %. Currently, the 
government is investing in heavy industry, and measures to encourage the 
development of light industry in the private sector also means that manufacturing will 
contribute a much greater proportion of GDP in the future.
Agricultural production has declined steeply in Bahrain, during the past 30 years. The 
advent of the oil industry caused many workers to shift from agriculture, as well as 
from fishing and pearl diving, to better paid jobs in the oil industry. The 
unfavourable climate, salinity of the soil, and shortage of ground water have also 
played a vital role in the decline of agricultural production. For these reasons the 
country has become increasingly dependent on food imports which now represent 
about 90 % of the total foods consumed (Musaiger, 1993).
Today, Bahrain’s main agricultural products crops are dates, fruits, vegetables and 
alfalfa. Tomatoes are Bahrain’s most widely cultivated vegetable, but yields are still 
low. A wide range of vegetables is grown, including cucumbers, lettuce, okra,
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peppers, cabbage, cauliflower, cantaloupes, marrows, radishes and onions (Musaiger, 
1993).
The local production of vegetables accounts for about 30 % of the total vegetables 
consumed, compared with 65 % of  fish, 75 % of  milk, and 80 % of eggs. The 
contribution of agriculture to the GDP does not exceed 1 %. The estimated arable land 
and land under permanent crops in 1984 was 2000 hectares (Musaiger, 1993). No 
recent information is available regarding this matter.
Food industries are confined to milling, baking, the production of carbonated and 
non-carbonated soft drinks, dairying and the processing of some snacks. The 
government has started a factory in the Mina Salman area to process dates. The 
plant, which has been set up in collaboration with the U.N. Food and Agriculture 
Organization, processes today only about 100 tons of dates per year though it has a 
large potential to increase its output. The scientific processing and marketing of dates 
are designed to help guarantee farmers a fair price (Musaiger, 1993). Food 
importation has increased steeply due to the lack of a developed agricultural base and 
very rapid increase in the demand for food commodities.
1,3- Food Consumption Patterns o f  Bahrain in the Early 1960s and 
1970s:
In Bahrain detailed statistics of food imported and consumed have been published 
since 1971. Few publications on Bahraini food consumption patterns were found 
prior to 1971. In the early 1960s the indigenous Bahrainis were entirely dependent on 
rice and fish as main foods eaten at lunch and supper, and sometimes at breakfast 
(Musaiger 1993). Dates were the main sweets consumed either with lunch or in 
between meals, along with Arabic coffee. Butter-milk, or as it is called in the local 
language “ laban ” was widely drunk with lunch and formed the main dairy product 
consumed at that time. Fresh vegetables and fruits were also consumed widely, as
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food production and agriculture represented one of the major economic activities of 
the people (Musaiger, 1993).
In the early 1970s, modification in the food habits of Bahraini inhabitants was noted, 
which may have been due to the improvements in the economy resulting from the 
financial yield of the oil industry. The most common breakfast was milk and bread or 
tea with milk and bread. Only 2.3 % of a sample investigated consumed eggs at 
breakfast (Musaiger, 1993). Dried dates, Arabic coffee, laban and bread were the most 
frequently eaten foods between breakfast and lunch. Fish and rice comprised the most 
common lunch (97.7 %) and none of the sample studied consumed meat or chicken at 
lunch. This may be due to the fact that fishing was the main occupation of the 
inhabitants at that time. Fishing and trading had always been the way of life of the 
people (Musaiger, 1993).
In 1977, Musaiger reported that the only difference in food consumption observed 
was the intake of meat and canned vegetables at dinner. Fish and rice were consumed 
by 81.4 % of farmers at dinner, followed by meat and canned vegetables ( 8.9 %), 
meat and rice (4.7 %), milk and bread (4.7 % ) and tea with milk and bread (22.2 %). 
The frequencies of the weekly intake of high protein foods were 4 times a week for 
fish, twice for both meat and eggs, and once for both chicken and cheese. Although 
these figures apply to the rural population in Bahrain, at that time there was no great 
difference between the food habits of rural and urban inhabitants (Musaiger, 1993). 
Recent statistics indicate that the average person’s daily consumption of fresh milk 
has increased from 0.113 liters (1983) to 1.014 liters (1994). The value of milk 
imported in thousand liters rose from 5,792 in 1983 to 4,582 in 1994, while the 
quantity of local Bahraini cattle production rose from 16,455 in 1993 to 16,889 in 
1994 (Statistical Abstracts. 1994) However, no other recent information about food 
consumption in Bahrain exists.
Trends in food consumption are of much interest to the government, as they will 
affect the food subsidy policy. The government projects that the annual per capita
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consumption of all types of foods will be increased by 50 % by the year 2000. The 
increase will be greatest for poultry and fish (72.2 % and 73 %, respectively) 
(Ministry o f Commerce and Agriculture Report. 1992; Musaiger, 1993).
Rice, which is the dietary staple in Bahrain, has shown a decrease in consumption. 
During the period 1970-1984 the level of daily per capita consumption has decreased 
by 2.4 %. The consumption of vegetable oils registered an increase of 1081 %. for the 
same period. Red meat, poultry and fish consumption have increased by 67 %, 282 % 
and 469 % respectively. In general, there was an increase in consumption of all food 
items except wheat and rice. However, some food items showed a slight increase in 
consumption, such as fruit (3.5 %) and sugar (4.5 %), as illustrated in Table 1.1 
below.
Table 1.1 Annual per capita consumption of various food products in Bahrain, 
1970-84 as quoted from Musaiger 1993.
Food 1970-1972(kg) 1982-1984 (kg) % change
Cereal (Total) 148.8 161.9 + 8.8
Wheat 68.2 63.1 - 7.5
Rice 72.7 63.7 -12.4
Potatoes 18.4 25.7 -39 .7
Pulses 4.8 7.1 + 47.9
Vegetables 42.7 108.5 + 154.1
Fruit 11.2 115.1 + 3.5
Sugar 26.4 31.0 + 4.5
Vegetable Oils 1.6 18.9 + 1081.3
Red Meat 22.6 39.8 +76.1
Chicken 7.7 29.4 + 281.8
Fish 3.2 18.2 + 468.8
Eggs 7.1 13.2 + 85.9
Milk 43.3 186.9 + 331.6
Adapted from Arab Organization for Agricultural Development (1987)
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1.4- Health Services in Bahrain:
Health and medical services are provided free to all inhabitants of Bahrain. All 
residents in the country, citizens or not, enjoy the right to comprehensive health care. 
The government provides free primary, secondary and tertiary health care to all 
residents of Bahrain (Statistical Abstracts. 1994).
The health problems in Bahrain are those generally found in countries passing though 
the transitional stages of development. There is a declining trend in the occurrence of 
communicable diseases, for example, and an increasing trend in the occurrence of 
chronic diseases such as circulatory diseases, metabolic diseases and neoplasms 
(Health Statistics Report. 1995).
Primary health care is provided by the health centres. There are 19 health centres 
distributed throughout the inhabited part of the island. Each health centre provides 
curative and preventive health care to the residents of a specific catchment area. The 
health centres are the first contact points for the patients. These health centres are 
staffed by family physicians who undergo appropriate training to provide health care 
to all the members of the family (Ministry o f Health Annual Report. 1989).
Secondary health and maternity care is provided by the Salmaniya Medical Centre, 
5 rural maternity hospitals, a psychiatric hospital and a geriatric hospital. In addition, 
there is a military hospital, the Bahrain Defence Hospital (BDF) and three private 
hospitals (Ministry o f Health Annual Report. 1989).
1.5- The Impact o f  the Oil Boom in the Gulf Countries:
There was an impressive change in all aspects of life in the Arabian Gulf countries, 
including change in the health and nutritional situation after the oil boom period 
(1970-1980). The invasion of western civilization reached every house in the region. 
The shift from traditional occupations such as agriculture, fishing and animal 
husbandry to work in the oil industry has extensively increased. As cited from 
Musaiger 1987, Farrag summarized the impact of rapid socio-economic developments
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on the Arabian Gulf community as follows: (1) The family structure was greatly 
affected and there was a trend towards a nuclear family and a decrease in extended 
families. (2) There was a high dependence on house-maids in home management and 
rearing of children. (3) There was a relatively high increase in the participation of the 
females in the employment force. (4) There was a rapid decline in breast-feeding and 
increase in early introduction of bottle-feeding. Other changes included dependence 
on processed foods, a high prevalence of heart diseases, a sharp decrease in infant 
mortality, and a gradual decline of the illiteracy rate. Generally, the rapid economic 
growth in the Gulf region has had both negative and positive side effects. Despite all 
the negative aspects, the people in this region have enjoyed a high socio-economic 
standard of living, and this has improved their health status (Musaiger, 1987).
1.6- Overview o f  the Health Issues Related to Nutrition in Bahrain:
Few health and nutritional surveys have been carried out during the past decade. 
Most of these surveys have methodological problems and lacked some important 
information such as dietary intake and clinical examination. Nutritional problems in 
Bahrain include undemutrition and a consequent low birth weight, iron-deficiency 
anaemia, vitamin deficiency, a diet-related noncommunicable diseases such as 
obesity, diabetes mellitus, cancer, and dental caries (Musaiger, 1993).
1.6.1 Diet-related Noncommunicable Diseases:
1.6.1.1 Cardiovascular diseases:
Cardiovascular diseases are the most common cause of death in Bahrain. This 
category includes coronary heart disease (CHD), cerebrovascular disease (stroke), 
hypertension and peripheral vascular diseases (Figure 1.2). The highest reported 
mortality rates from 1989, to 1994, were from circulatory diseases, (Annual Report o f  
Public Health. 1991, 1992, 1993, Ministry of Health; Statistical Abstracts. 1994, 
Bahrain). Recent health statistics indicate that one third of deaths in Bahrain were due 
to circulatory diseases (Health Statistics Report. 1995).
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Figure 1.2 Percentage of reported Deaths By ICD (Health Statistics, 1994).
Deaths due to diseases of the circulatory system begin to occur early, in the 20-34 
years age group, and increase sharply thereafter, whereas deaths due to hypertension 
begin to occur in the 45-54 years age group and continue to increase thereafter. 
In general, males are more susceptible to cardiovascular diseases than females 
(Health Statistics Report. 1993)(Table 1.2).
Table 1.2 The leading causes of death 1989-1993, as rates per 100,000 population 
(Public Health Directorate).
Principal Diagnosis Year Percentage o f Change
1989 1990 1991 1992 1993 89-90 90-91 91-92 92-93
Diseases of the 
Circulatory System
88.2 96.4 103.6 102.3 91.9 9.3 7.5 -1.3 -10.2
Conditions Originating 
in the Perinatal Period
38.4 35.4 36.8 36.3 35.6 - 7.8 4 -1.4 -2.1
Neoplasms 36.3 38.2 35.2 34.2 39.3 5.2 - 7.9 -2.8 14.8
Undefined Illness 31.8 30.2 36.0 29.2 22.4 -5 19.2 -18.9 -23.3
Injury & Poisoning 22.4 24 29.4 28.3 26.1 7.1 22.5 -3 .7 -8.2
Diseases of the 
Respiratory System
25.1 22.0 30.6 23.8 21.9 -12.4 39.1 -22.2 -8.5
Endocrine, Nutritional, 
Metabolic & Immunity 
Disorders
22.9 14.4 18.0 23.5 28.7 -37.1 25 30.6 22.1
Diseases of the 
Genitourinary System
12.4 11.0 13.8 16.5 8.5 -11.3 25.5 19.6 -48.4
Congenital Anomalies 13.5 12.8 14.2 16.0 13.3 -5.2 10.9 12.7 -16.7
Diseases of the 
Digestive System
13.9 10.0 11.0 10.2 13.3 -28.1 10 - 7.3 30.7
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Cardiovascular diseases have a multifactorial etiology. The clearly identified risk 
factors are high blood cholesterol, hypertension, cigarette smoking, diabetes, 
arteriosclerosis, advanced age, male sex and obesity. A case control study by 
Al-Awadi and Al-Khateeb, 1988 in Bahrain (cited by Musaiger, 1993) showed that 
the prevalence of diabetes, hypertension, drinking alcohol, smoking and overweight 
was higher among patients with coronary heart diseases than in a control group.
The high dietary intake of saturated fatty acids, cholesterol and sodium may play an 
important role in the increase in the risk of heart diseases in Bahrain (Musaiger, 
1993). The transition from a traditional diet to a western diet is likely to result in a 
significant increase in the intake of food high in animal fat, and hence saturated fatty 
acids and dietary cholesterol.
1.6.1.2 Diabetes Mellitus (DM):
DM is a major public health problem in Bahrain. Morbidity due to DM has increased 
statistically over the past 10 years, especially in urban society. Deaths due to DM are 
under-reported, as physicians rarely consider DM the main cause of death. In 1987 it 
was estimated that 4 % of the total deaths in Bahrain of those aged 45 and over were 
due to DM. In the age group 45-54 years old, the death rate from diabetes was four 
times higher among females than males (Musaiger, 1993).
The main type of DM in Bahrain is non-insulin dependent diabetes (Type II). Obesity 
may play an important role in the occurrence of this type of diabetes. It is evident that 
obese subjects develop diabetes mellitus more often than those of normal weight or 
lean subjects. The apparent increasing incidence of diabetes is also associated with 
higher average life expectancy, changes in the standard of living, and an increased 
survival rate of young diabetics to the reproductive age (Musaiger, 1993).
The recent statistics of the Ministry of Health showed that, in 1990, of 21076 
patients seen at the Salmaniya Medical Centre, 1.3 % had DM. About 53 % of the 
hospitalized patients with DM were male. There was a relatively high percentage of
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juvenile diabetic patients: 21.7 % of the hospitalized diabetic patients were under the 
age of 15 years. The proportion of females was higher among the age group 15-44 
years and those above 64 years of age (Musaiger, 1993).
A more recent study on dietary habits of elderly Bahrainis aged 65 years and older 
demonstrated a high prevalence of diabetes (13.4 %) among this age group. The 
prevalence of diabetes was higher among elderly women compared to men (15 % and 
10.2 %, respectively) (Musaiger, 1993).
Type II DM occurs more commonly among overweight people, the elderly and 
women. The reasons for the differences between sexes are still unclear. Multiple 
pregnancies may contribute to the development of DM among women. In addition, as 
women live longer than men, they are more likely to develop diabetes. Bahraini 
women, in general, have a high risk of developing diabetes, possibly due to multiple 
pregnancies, obesity, inactivity and food habits (Musaiger, 1993).
A recent study undertaken at health centres in Bahrain which focused on DM, 
indicated that more than 80 % of patients with type II DM were obese (Al-Mula 
Hermasetal, 1995). Musaiger has also indicated that DM represented the second 
main causes of illness (12.4 %) in all the patients admitted to the Salmaniya 
Medical Hospital in 1985 (Musaiger, 1985).
1.6.1.3 Obesity:
Obesity has become one of the major public health problems in Bahrain, especially 
among adult females over 15 years old. Amine (1980) reported that 39% of the adult 
females in Bahrain were obese (>120 %, for weight and height). Another study by 
Musaiger and Al-Sayed (1990), showed that 64 % mothers aged 18 years and above 
were obese (based on BMI > 25) (Musaiger, 1993).
Factors associated with obesity in Bahrain have not been well investigated. Some 
possible factors are lack of physical exercise, a high intake of energy-rich foods,
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a sedentary life style, multiple pregnancies, and socio-cultural factors. Zaghloul et al 
(1985) found that the energy, fat, protein and carbohydrate intake of obese girls in 
Bahrain was significantly higher than that of the non-obese. In addition, 65 % of 
obese girls were categorized as less active compared to 29 % of non-obese. Amine 
(1980) demonstrated that the total number of children of obese mothers is likely to be 
higher than that of non-obese mothers. Of the obese mothers, 40.2 % had seven 
children or more, compared to 27.7 % among non-obese mothers (Musaiger, 1993).
A recent study by Musaiger and Al-Ansari (1992) showed that educational level, 
employment, family history of obesity, and exercise habits contributed significantly 
to obesity among adult females in Bahrain, whereas nationality, ownership of a car, 
availability of housemaids, age and marital status were not significant contributory 
factors. Food fads were more prevalent among females, suggesting that this group 
lack sound nutrition knowledge (Musaiger and Al-Ansari, 1992).
Childhood obesity may persist into adulthood in some individuals, and be associated 
with a variety of physical, social and psychological problems. In Bahrain, Zaghloul 
(1985) as cited by Musaiger (1993) showed that 12 % of preschool children aged 
from 1 month to 5 years were overweight (>110% of Harvard standard). The highest 
percentage (30 %) occurred in the first six months of life which means that obesity 
may start early in some children. A study among Bahraini school girls aged 7 to 18 
years reported that 19 % of these girls were obese, based on the sum of four skinfold 
thickness measurements and arm muscle circumference. In general, Bahraini girls had 
small muscle mass and low physical work capacity (Blair and Gregory, 1985). 
Skinfolds and arm circumference measurements performed on 1593 Bahraini school 
children aged 6 to 18 years indicated a high subcutaneous fat store, suggesting a lack 
of muscle development. Fat patterning is of concern from a clinical perspective, since 
trunk and upper body fat distribution have been shown to be risk factors for heart 
diseases and diabetes (Musaiger, 1993).
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1.7- Definition o f  Overweight and Obesity:
Overweight and obesity are distinguished by the degree to which the weight of the 
individual exceeds the average body weight for height, frame and age. The word 
obesity, derived from the Latin ob (over) and edere (to eat), implies that it is caused 
by overeating. This is true, of course, since to become obese a person must eat more 
than he or she requires to maintain body weight (Ravussin and Bogardus, 1990). 
Hence obesity means the condition of having too much body fat, and is associated 
with weighing more than 20 % above a standard ideal weight, while overweight is the 
condition of overheaviness, but does not necessarily indicate overfatness. It is 
associated with weighing 10-20 % above standard ideal weight for height.
Life insurance companies have recognized that pathological obesity is a serious 
hazard to health. It carries a short expectation of life: for instance, if a person aged 
fifty years is 30 per cent above normal weight then he or she has at least a 30 per cent 
chance of a premature death (Burkitt, 1975). These companies rely on measurements 
of weight and height to detect obesity (Garrow,1984).
1.8- Grades o f  Obesity:
Garrow (1981) proposed that grades of obesity can be classified as follows (Ashwell, 
1994; Figure 1.3).
Grades o f Obesity Body Mass Index
Very lean or underweight < 20
Grade 0 indicates acceptable weight range 20-24.9
Grade I  indicates moderate overweight 25-29.9
Grade II  indicates obesity 30-39.9
Grade III indicates severely obese ( morbidly obese ) >40
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Figure 1.3 AIL Causes Mortality Curve (Quoted from Gray, 1989).
In a Royal College of Physicians report in Britain on obesity (1984) the same 
threshold level of BMI (30) was used to define obesity in men. However, a lower 
threshold level BMI (28.6) was adopted to define obesity in women (Report ot the 
Royal College o f Physicians (RCP). 1983; Knight and Eldridge,1984). Gray (1989) 
also observed that a U-shaped mortality risk curve arises according to BMI, where 
increased association with morbidity and mortality occurs only at extremes of BMI 
values (Bray,1985; Bray,1987;Gray, 1989; Bjomtorp, 1990;Figure 1.3 and Figure 
1.4).
Height (Inches]
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Height (metres)
Figure 1.4 The severity of obesity is commonly assessed by the body mass index (BMI) 
which allows the weight of individuals of differing heights to be compared (Bray, 1987).
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1.9- Methods o f Assessment o f  Obesity:
Techniques used to assess obesity or the grade of adiposity fall into five main 
categories:
1- Indices based on height and weight.
2- Direct measurement of subcutaneous fat at various skinfold locations by the use of
skinfold calipers.
3- Circumferences indices such as waist hip ratio (WHR) or abdominal gluteal ratio
(AGR) indices based on abdominal (waist) to gluteal (hips) ratio (Taitz, 1983).
4- Estimating total body fat based on measurement of skinfolds and body density.
5- Laboratory methods for estimating body fat, which include complex physio- 
chemical procedures.
1.9.1- Indices Based on Height and Weight:
A number of body mass indices (BMIs) have been developed, all derived from body 
weight and height measurements. The more popular BMIs include the weight-height
2 3
ratio (W/H), Quetelet index (W/H ), Khosla-Lowe index (W/H), and Benn index
p
(W /H) (Revicki & Israel, 1986). These indices are widely used in large 
epidemiologic and health investigations because of their simplicity of computation 
and cost effectiveness. The Quetelet index, the most widely accepted B M I, in which 
the weight of adults is proportional to the square of their height, is generally 
correlated with skinfold thickness measurement of body fat. This was observed by 
Quetelet (1869), after whom this index is named. Keys et al (1972), renamed the 
Quetelet index the body mass index (BMI), and showed that it was a useful measure 
of obesity for epidemiological purposes. Other indices include the Broca index as 
quoted inNoppa & Bengtson (1980), which is determined by this equation:
WI = [ Body weight (kg)/ Body height (cm) -100] * 100
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1.9.2- Direct Measurement o f Subcutaneous Fat at Various Skinfold Locations:
Skinfold measurements are usually used as the criterion for evaluating the utility of 
various body mass indices in estimating adiposity in adults and children. Although 
skinfold thickness measurements are the best non-laboratory method for estimating 
body fat, they represent indirect estimates of body adiposity.
Four major sites are usually measured for the assessment of obesity by using 
skinfold calipers. This allows the measurement of subcutaneous fat thickness in the 
triceps, biceps, subscapular and suprailiac region of the body.
Subscapular skinfold thickness appears to provide a better index of fatness as a single 
measure than triceps skinfold thickness. It is preferable, however to obtain data on 
both subscapular and triceps skinfold thickness. Obesity is defined as the condition in 
which triceps plus subscapular skinfold is > 45 mm in males and > 69 mm in females 
(Bray, 1987). The risk of developing coronary disease is greater for those with 
a higher subscapular skinfold thickness at any level of BMI (Gray, 1989).
1.9.3- Waist-Hip Circumference Ratio WHR or Abdominal-Gluteal Ratio AGR:
In females, fat distribution in the thigh and buttocks give a gynoid, peripheral or 
pear-shaped lower body fat distribution (Maclem, 1976). On the other hand, in males, 
body fat is more often located on the abdomen, or chest, giving an android, central 
apple-shaped or upper body fat distribution (Maclem, 1976). The importance of waist- 
hip ratio stems from the fact that it is proven to be an important predictor of risk 
associated with obesity (Figure 1.5).
For both sexes a higher WHR or AGR is associated with elevated blood levels of 
C-peptide, cholesterol, and triglycerides (Larsson et al, 1984); increased risk of 
hypertension, diabetes mellitus (Van Gall, 1989); myocardial infarction (Larsson 
et al, 1984); stroke (Larsson et al, 1984), and death (Gray, 1989).
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Figure 1.5 Health risk associated with WHR in men and women (Bray,1987).
These studies indicate that lean men with a fat abdomen run the highest risk while 
men who are fat all over the body might even be relatively protected from the risk of 
these diseases. & Gray, 1989).
Overt abdominal adiposity is defined as a:
WHR > 1.0 for males
WHR > 0.8 for females ( Bray, 1987, Gray, 1989).
1,9.4- Estimating Total Body Fat Based on Measurement o f  Skinfolds
and Body Density:
Fat percentage is usually estimated by the use of subcutaneous skinfold 
measurements. Dumin and Rahaman (1967) devised regression equations for body 
density (Y) from the log of the sum of skinfold thicknesses at four sites, biceps, 
triceps, subscapular and suprailiac, in mm (X) and then used this equation to estimate 
% of body fat.
Subjects Equation
Men Y (Density) = 1.1610-0.0632 X
Women Y (Density) = 1.1581-0.0720 X
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Then by using the Siri equation (1956), or Brozek et al equation (1963) and (D = body 
Density), the % of body fat can be determined (Dunin & Rahaman, 1967 & Brodi, 
1988): % body fat = [ (4.95/ D)- 4.5 ] X 100 ( Siri 1956)
% body fat = [ (4.57/D)- 4.142 ] X 100 (Brozek et al, 1963)
At age 25, the normal amount of fat, which is termed “desirable weight” is about 
14 % of body weight for males and 25 % for females (Maclem, 1979). These figures 
tend to rise in later years, even when the weight remains constant.
Obesity has been defined as:
A body fat content > 25 % of total body weight for men 
and a body fat content > 30 for women ( Bray, 1987).
1.9.5- Laboratory Methods fo r  Measuring Body Fat:
There are several laboratory methods for estimating body fat, but none of these are 
widely available for clinical use. All are based on the principle that body weight can 
in theory be divided into two compartments, fat, and the remainding leanbody mass 
(LBM)(Womersley & Dumin, 1977; Lohman,1981; Brodi, 1988; Gray, 1989).
Generally, in the human being, any weight measure must include bone, water, non-fat 
tissue (lean body mass) as well as fat (Knight,1984). Water is the major body 
component accounting for about 60 - 65 %. Fat and protein each account for about 
15 % of body weight. The body consists of two distinct compartments: fat and the 
remainder fat free mass (FFM). Fat differs from FFM in having practically no water 
or potassium content and relatively low density (99-kg m). FFM in man has a water 
content of about 720g/kg (Widdowson 1965), and depending on age, obesity and 
muscular development a potassium content of approximately 62-69 mmol/kg in men 
and 55-63 mmol/kg in women, and a density of 1098-1105 kg/m in men and 1087- 
1100 kg/m in women were reported (Womersely and Dumin et al, 1977). All the 
internal organs like the liver, brain, kidneys, etc. make up an appreciable part of the 
body weight, but are relatively unchangeable by weight in obesity or malnutrition. 
In athletes, the increase in weight is accounted mainly to lean body mass. During
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physical training, body fat decreases and lean tissue increases. After training ends, 
however, this procedure is reversed. These shifts between body fat and lean during 
regular activity are maintained throughout adult life. The increase in body fat which 
usually occurs even when body weight is stable can be prevented (Bray, 1985).
The human body contains about 12 % fat at birth, a content which is higher than most 
other mammals. In the newborn period, body fat rises rapidly to reach a peak of 
about 25 % by six months and then declines over the next 10 years to 15-18 %. 
At puberty there is a significant increase in the percentage of fat in females. In males, 
on the other hand, there is a small but significant drop in the percent of body fat with 
puberty, and during adult life it rises to between 30 % and 40 % of body weight. 
Between age 20 and 50 the fat content of males approximately doubles that of females 
due, in part, to an increase in body weight and in part to a reduction in lean body mass 
(Gray, 1989).
Lukaski as cited by Gray (1989), reviewed the techniques for assessment of body 
composition, comparing their cost, ease of use, accuracy, and their use in estimation 
of regional fat distribution (Table 1.3).
Table 1.3 Comparison of methods of estimating body fat and its distribution,
where $ = least expensive, and $$$$ = most expensive (Gray, 1989).
Methods of Estimating Body Fat and Its Distribution
Method Cost Ease of Use Accuracy Measures Regional Fat
Height and Weight $ Easy High No
Skinfolds $ Easy Low Yes
Circumferences 5 Easy Moderate Yes
Density: - Immersion 55 Moderate High No
- Plethysmograph $$$ Difficult High Yes
Heavy Water: 
- Tritiated 55 Moderate High No
- Deuterium Oxide, or 55 Moderate High No
Heavy oxygen
Potassium isotope (K) 555 Difficult High No
Conductivity, total body 
electrical
555 Moderate High No
Bioelectrical impedence 55 Easy High No
Fat-soluble gas 55 Difficult High No
Computed tomography 5555 Difficult High Yes
Ultrasonography 555 Moderate Moderate Yes
Neutron Activation 5555 Difficult High No
Magnetic resonance 5555 Difficult High Yes
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1.10 Hunger and Satiety Centre:
In its simplest terms, “feeding” in human beings is thought to be controlled by two 
centres in the brain: the feeding centre and the satiety centre. The Feeding Centre is 
a specialized portion of the lateral hypothalamus that monitors the blood glucose, 
fatty-acid, and amino-acid levels. Low levels of these substances in the blood are 
partially responsible for a sensation of hunger elicited from the hypothalamus. When 
sufficient amounts of food have been ingested, the Satiety Centre in the mid portion of 
the hypothalamus inhibits the feeding centre. The hypothalamus also receives sensory 
impulses from the abdominal viscera and regulates glandular secretions and the 
peristaltic movements of the digestive tract (Harris, 1993; Figure 1.6).
Current evidence suggests a dominant role for control and selection of food intake by 
the hypothalamus, although it is not clear how central mechanisms modulate 
peripheral feeding and satiety responses (Harris, 1993). In addition, chronic exercise 
and genetic factors have been determined to influence body composition (Harris, 
1993).
Cerebrum
Hypothalamus
Pituitary
Bram stem C ereoetium
Spinal co ra
Figurel.6 The brain showing the hypothalamus, a small area (5 to 6 cm ) in the base of 
the cerebrum, an important center for reflexes that regulate body 
temperature and control eating and drinking (Van De Craaff and Fox, 
1992).
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1.11- Etiology and Causes o f  Obesity:
Several factors may contribute to the etiology of obesity but no single cause has been 
identified.
1.11.1- Metabolic & Endocrine Aberrations:
Hyperinsulinism, hypothyroidism, hypogonadism, and increased cortical secretion as 
in Cushing's syndrome may contribute to obesity. Other metabolic and endocrine 
disorders associated with obesity include Prader-Willi syndrome, Laurence-moon 
Biedl syndrome and Klinefelter syndrome (Bray, 1978; Shwartz, 1979).
1.11.2- Genetic Factors:
1.11.2.1- Heredity: Jean Mayer (1965) reported his observation that overweight and 
obesity tend to exist as a family pattern. He found that only 8 % to 9 % of children of 
normal weight parents became obese. When one parent is obese, the likelihood of the 
child’s becoming obese is 40 %; this proportion rises to 80 % when both parents are 
obese (Figure 1.7). The tendency of obesity to occur in families is well recognized, 
but this might be explained as members of the same family tend to have similar 
customs and preferences. Strong evidence for genetic predisposition to obesity comes 
from studies of identical twins reared separately in which the weight of each of the 
pairs of twins was highly correlated (Guthrie, 1985). Furthermore, there is a strong 
correlation between the weight and body mass index of adoptees and their biological 
parents, while no relationship between the weight of the adoptees and the body mass 
index of their adoptive parents has been found (Stunkard et al, 1986). Other 
researchers have concluded that genetics has an important role in the development of 
obesity, while environment has a less apparent role (Vickers, 1993).
41-50 V. 6<5-80V.
Figure 1.7 Frequency o f  Obesity among Offspring o f  Lean and Obese Parents.
1.11.2.2- Somatotyping (Mirror - Test):
Somatotyping is done by taking photographs of the subjects without clothes. Body 
build, or somatotype, appears to be inherited. Among the three main somatotypes, 
ectomorph (tall and thin), mesomorph (average height and muscular), and endomorph 
(plump and round), it is the latter that is more likely to become obese (Maclern, 1979). 
The individual with few of the endomorphic characteristics tends to remain slim, as do 
individuals with a high ectomorphic component in their body builds (Guthrie, 1985; 
Figure 1.8).
(a) e n d o m o r p h  (b)  m e s o m o r p h  (c) e c t o mo r ph
Figure 1.8 Different kinds of body shape (Magnus and Pyke, 1979).
1.11.3- Fat Cell Theory or the Adipose Cell Theory:
Fat cell numbers can increase to 2 to 3 times normal if an individual ingests too many 
calories, and once formed, the extra fat cells cannot be removed by the body. This can 
happen at any time during the life span but appears to be particularly important during 
infancy, when fat cells are still dividing.
Obesity researchers Jules Hirch and Jerome Knittle have developed the following 
theory about body fat development; as a body gains fat, it does so either by adding 
more fat cells (a condition called hyperplastic obesity), or by enlarging those it 
already has (hypertrophic obesity), or both (Christian & Greger, 1985).
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1.11.3.1- Hyperplastic ( Hypercellular)  Obesity:
Hyperplastic obesity occurs when the number of cells in the adipose tissue is 
increased. Induction of adipose cell division might, by increasing the number of cells 
to an abnormal level, produce lifelong and intractable obesity (Hirsch, 1976), because 
once produced the cells cannot disappear. This type of obesity is characterized by 
early onset or childhood obesity (Christian & Greger, 1985).
1.11.3.2- Hypertrophic Obesity:
Hypertrophic obesity occurs when the fat cells increase in size rather than number. 
This type of obesity is more responsive to treatment than hyperplastic and is 
characterized by adult onset (Christian & Greger, 1985).
1.11.3.3- Hyperplastic - Hypertrophic Obesity:
Hirsh and Knittle (1970) indicated that a hyperplastic - hypertrophic form of obesity 
occurs when there is a high number of adipose cells and they also have a large size. 
This condition is characterized by early onset or childhood obesity, but may occur at 
any age (Christian and Greger, 1985; Table 1.4).
Table 1.4 Types of Obesity as Proposed by Hirsch and Knittle as quoted from 
Christian and Greger, 1985.
Type Description Consequences
Hyperplastic
Obesity
Person has a large number of fat cells that are 
normal in size. The condition is usually 
established during childhood.
I f  weight is lost, regain is likely.
Hypertrophic
Obesity
Person has a normal number of fa t cells that 
are large in size. The condition is usually 
established during adulthood.
I f  weight is lost, it is less likely to 
be regained. Diabetes and /  or 
high blood lipids may occur 
with overweight. Reversal is 
likely with weight loss.
Hyperplastic-
hypertrophic
Obesity
Person has a large number of fa t cells that are 
large in size. The condition is usually 
established during childhood but may occur at 
any age.
Combination of the above 
consequences.
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1.11.3.4- Adipose Tissue (Adipocytes):
Body fat is stored mainly in specialized cells of adipose tissue called adipocytes. 
When filled with fat, adipose tissue has about 85 to 90 % triglycerides (Bray, 1989), 
2 % protein, and 10 % water (Briggs & Calloway, 1984). Fat is stored mainly in the 
form of triglycerides. Glycogen stores are minute in comparison but provide a critical 
source of glucose during exercise or short term fasting (Briggs and Calloway, 1984). 
Fatty acids are released from the cells when there is a demand for energy. Excess fat 
may be stored in adipose tissue cells that are not yet filled, or new cells will be made 
if necessary. Insulin is required to store fat, and adrenal and pituitary hormones are 
involved in mobilizing it in response to need (Briggs and Calloway, 1984). 
Triglycerides are stored in fat cells, which differ in size from one region of the body to 
another. There are also regional differences in the total number of fat cells. Women 
generally have more gluteal fat than men (Bray, 1989).
Adipocytes contain varying amounts of fat ranging from completely “ invisible ” 
empty cells (pre-adipocytes or precursors) to the huge glutted adipocytes of extreme 
obesity. Fat is unique because an enormous increase in cell size may occur as a result 
of storage of lipids, causing huge increases in body fat with no necessary increase in 
fat cell numbers. Hyperplasia of cells would lead to increased fat even if the amount 
of lipids they contain individually remained normal (Taitz,1983). Adipocytes in adult 
men may account for a range of about 15 to 30 % of total body weight. In woman, it 
is usually somewhat larger, about 20 to 35 % of body weight (Maclem, 1979)
1.11.4- Level o f Enzyme Activity:
The rate of lipogenesis in an obese person is as much as five times greater than 
normal. Lipolysis depends on the presence of a fat-splitting enzyme: a lipase. 
In obese individuals the level of activity of this enzyme may be low or inhibited 
(Guthrie, 1985).
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1.11.5- Hypothalamus Sensitivity:
The sensitivity of the hypothalamus appears to be genetically determined. A sensitive 
hypothalamus responds quickly to elevated blood glucose and depresses appetite. 
A less sensitive hypothalamus will respond more slowly and will allow the individual 
to eat more before a feeling of satiety is reached. The neurotransmitter dopamine acts 
to inhibit food intake and counteract the effect of another transmitter norepinephrine, 
which stimulates eating behavior (Guthrie, 1985). Generally, some people are more 
prone than others to obesity due to genetic factors. Such people have to be careful 
about their dietary and exercise habits to counteract these inherited tendencies.
1.11.6- Nutritional & Dietary Factors & Energy Imbalance:
1.11.6.1- Binge Eating:
Binge eating, sometimes called Bulimia Nervosa, or the binge-purge syndrome, 
typically occurs in normal and underweight individuals as well as obese (Telch et al, 
1988). It is defined as the consumption of large quantities of rich foods within short 
periods of time. There is some evidence that obese people tend to consume more 
calories than normal-weight individuals, especially food rich in fat and sugar (Nieman 
et al, 1992). Moreover, binge eating becomes significantly more prevalent as the 
degree of obesity increases. It may be that excessive dieting associated with being 
overweight leads to binge eating, which, in turn, leads to an increased caloric intake 
and to greater adiposity (Telch et al, 1988).
1.11.6.2- Energy Imbalance:
Obesity results from an imbalance between energy intake, energy output and the 
energy store. Studies of energy expenditure for the same task for individuals matched 
for age, sex, weight, and body form have shown differences of up to 600 kcal 
(25 MJ/day) indicating that “personal” factors play a major role in the control of 
energy balance (Maclem,1979). Obesity occurs when, over long periods of time, 
intake exceeds expenditure. It is therefore the result of a maladjustment between the 
two sides of the energy balance equation (Ravussin and Bogardus, 1990). People 
typically vary in energy intake from day to day by 18-42 % (Achenson et al., 1980,
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cited by Blaxer & Waterlow, 1984). Most of us experience energy deficits or excesses 
equivalent to a day’s intake, which may cause no harmful consequence. However, 
long term gain of calories leads to health problems. Treatment of obesity depends on 
generating a negative energy balance.
1,11,7- Behavioural and Psychological Factors:
1.11.7.1- Physical Inactivity:
Several studies of large groups of people who admit to an overweight problem have 
shown that most of them do not engage in any additional exercise and may be on the 
move for as little as one hour in the average day. Studies have also shown that both 
obese children and adults are less active than normal weight people (Cataldo et al, 
1993). Mayer observed the same conclusion for obese children (cited by Guthrie, 
1985).
1.11.7.2- Eating Habits, Social, Racial & Cultural Factors:
Social and cultural factors include availability of food, and hospitality (the more 
important the occasion, the greater the amount of food and drink offered), for 
example, during weddings, festivals, feasts, etc. in addition to family food habits. It 
has also been observed that obesity correlates well with social class, particularly in 
women (Deurenberg & Hautvast, 1989). In western societies, mild to moderate 
obesity is due to the combined effect of ovemutrition and underactivity. The 
economically deprived classes are particularly prone to obesity in highly developed 
societies, whereas in developing countries it is the ruling class which becomes 
overweight and develop associated degenerative diseases. Size and frequency of meals 
have been shown to be important in relation to the occurrence of obesity (Guthrie, 
1985).
1.11.7.3- Psychological Factors:
An obese person may react differently to external and internal stimuli related to food 
as compared with the way non-obese people react. Overeating may also be a response 
to nonspecific emotional tensions or a symptom of underlying emotional tensions, or
32
it may represent an addiction to food. The greater the level of anxiety, the more likely 
overeating and weight gain are to occur. For some obese individuals, overeating is a 
pleasant experience, used as a substitute for love and affection or as an expression of 
self-pity. The obese person might eat as a defence against tension and frustration 
(Beck and Barker, 1985).
L I 1.8- Drug-Induced Obesity:
It appears that some drugs, such as cyproheptidine (Periactin), phenthiazines, 
sulphonylureas, anabolic agents, and oral contraceptives may induce obesity in some 
individuals.
1.11.9- The Set-Point Theory:
According to the set-point theory, each person has an ideal biologic weight, and some 
individuals have weights set above the culture’s ideal. Brownell (1982) emphasises 
that the most important component of the set point theory is that the body will defend 
its weight against pressure to change. In other words, the set point is much like 
a thermostat that regulates temperature; it can be adjusted up and down but remains at 
an ideal comfort zone (Harris, 1993). This set-point regulates the amount of body fat 
an individual carries i.e. the human will eat to regain whatever amount of fat the body 
is "set", or genetically programmed for, and will similarly lose weight gained in 
excess of this internally regulated point.
1.12- Basal Metabolism and Factors Influencing the BMR:
Basal metabolism is defined as all the metabolic processes that take place 
continuously to sustain life, such as breathing, beating of the heart, maintenance of 
body temperature, glandular, cellular and nervous system functioning.
The lean body mass (LBM), non-fat tissues, i.e muscle, bones, and connective tissues 
are considered as a major factor influencing BMR because of the great level of 
metabolic activity in these tissues (Williams, 1985). Obese individuals tend to have an
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expanded body mass, and thus greater resting metabolic rates compared with lean 
people of a similar height.
Body size (surface area) increases BMR. Obese individuals increase their surface area 
when gaining weight and lay down both fat and lean tissue.
Growth hormone (GH) stimulates cell metabolism and raises BMR 15 % to 20 %, 
BMR rises during the first five years of life, levels off, rises again just before and 
during puberty and then declines in old age. BMR also rises during pregnancy and 
lactation. Males have a higher BMR than females of the same age and size because 
they have more lean tissue than females. A fit person may have a higher BMR than 
one who is not, because disease diminishes lean body mass. James et al (1978) found 
that the high BMR in the obese state was related not only to the excess fat but to 
a 36 % and 32 % increase in the LBM of the men and women respectively. Garrow 
(1980) emphasises that the variation between individuals in maintaining energy 
balance is very large and this is not attributed to different levels of physical activity 
but to different rates of resting metabolism.
1.13- The Prevalence o f Obesity:
Undoubtedly there were some obese people in the ancient civilizations of Egypt, 
Assyria, Rome and Greece. However, they were few if one can judge from the 
literature and the statues of the times. Even the Roman Emperors in old age were 
seldom depicted as being grossly obese. The British National Portrait Gallery shows 
us slim kings, queens and courtiers from the thirteenth to the middle of the 
seventeenth century. Soon after this, in the reign of Queen Anne, nearly every lord 
and lady, even in their mid-thirties, was definitely obese. Before that time obesity was 
probably uncommon. History books record that in the seventeenth century the English 
army had 40,000 men, all of whom could march well because not a single soldier was 
fat. Few authors used the word before the nineteenth century. When the word “obese” 
was first used it simply denoted having eaten and did not allude to being fat (Burkitt, 
1975).
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Just as obesity has emerged as a common condition in Western countries over the past 
few centuries, it has more recently emerged in the less developed countries of Africa 
and in similar societies elsewhere in the Third World. In the 1920s, doctors in East 
Africa reported that almost every African was slim (Burkitt, 1975). In contrast, urban 
Africans are commonly obese today and some of the overweight rulers are familiar 
figures on news media. In the people in western countries (and westernized Africans) 
there is often several inches of subcutaneous fat round the abdomen before muscle in 
reached (Burkitt, 1975).
Africans, however, even in the past knew how to make a person fat. In the 1920s, 
young women were fattened to ensure good marriage prices. Young women in some 
tribes were encouraged to drink large quantities of full milk and cream, both 
containing fat which has a high calorie content and no fibre, to promote obesity 
(Burkitt, 1975).
Until a few years ago in most of the Arab developing countries, obesity was more 
predominant in the higher social classes and it was generally the ruling class who 
became overweight and developed associated degenerative diseases (Maclem, 1979).
In Bahrain obesity has become one of the major health problems particularly among 
women. Amine (1980), reported that 39 % of the adult females in Bahrain were 
obese. No recent information on the prevalence of obesity is available, but there are 
indications that the percentage of obese adults is increasing (Matter et al. 1990). The 
factors associated with obesity have not been well investigated. Some possible factors 
are lack of physical exercise, high intake of energy rich foods, sedentary life style, 
multiple pregnancies and socio-cultural factors. Zaghloul and colleagues (1984) found 
that the energy, fat, protein and carbohydrate intake of obese girls in Bahrain was 
significantly higher than that of non-obese.
A review of the literatures on the prevalence of obesity in, Asian, European, South 
American, African, and North American countries is summarized in Appendix 1.
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1.14- Health Risks and Complications o f  Obesity:
Concern about obesity stems from the consideration that it can impair physical health 
and well-being and reduce life expectancy. Being obese also leads to social 
disabilities and unhappiness which may cause stress (Taitz, 1983).
Obesity brings many health hazards with it (Figure 1.9). It accentuates the known 
risk factors for atherosclerotic disease, such as hyperlipidemia, which includes 
hypertriglyceridaemia, decreased levels of high-density lipoprotein cholesterol (HDL), 
and increased levels of low-density lipoprotein cholesterol (LDL), hyperviscosity and 
glucose intolerance or insulin resistance (Van Gaal, 1987 and Pi-Sunyer, 1993). Other 
metabolic abnormalities and disorders include excess C-peptide level, and 
hyperinsulinaemia (Van Itallie 1979; Fitzgerald, 1981; Larsson et al., 1984; Bray 
1989; Truswell 1992; Pi-Synder; Melkus, 1994; and Ernest and Obarzanek,1994).
Cerebrovascular
disease
Cancer
Diabetes
mellitus
Hypertension
Accidents
fir-
Coronary heart 
disease
Resp'natcry
disease
Gallstones
Hernias
Arthritis
Varicose veins
Obesity increases the risk of mortality from scrne of these 
d isease^  notably diabetes ) more than others
Figure 1.9 Obesity Complications (Truswell, 1992).
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Diseases accentuated by obesity or excess body weight include high blood pressure, 
atherosclerosis, enlarged heart, coronary heart disease, respiratory disease and 
pulmonary dysfunction, cancer of the breast, colon, and endometrium, diabetes 
mellitus Type II, cerebrovascular disease, gall bladder disease, degenerative joint 
disease or osteoarthritis of the spine, hips and knees, varicose veins, hernias, kidney 
problems, gout, menstrual irregularities, ovarian abnormalities, complications of 
pregnancy, difficulty during delivery; skin disorders, and psychological problems, as 
well as sleep apnea and inconveniences in living (Figure 1.9). Finally, the obese are 
more prone to accidents than non-obese. A central distribution of body fat enhances 
the risk for most of these conditions (Gurney & Gorstein, 1988; Pi-Sunyer, 1993).
L I  5- Distribution o f  Body Fat (Android vs. Gynoid Obesity):
Typically adipose tissue distribution is different in both sexes. Vague (1956) 
distinguishes between android and gynoid fat distributions. Obesity in males (android 
obesity) favors distribution on the trunk (chest and abdomen) or around the waist and 
in the upper part of the body, while obesity in females (gynoid obesity) favors fat 
distribution on the periphery (upper arms,hips and thighs or abdominal plus gluteal- 
femoral regions (Bjomtorp, 1984; Figure 1.10). Only when men are massively obese 
do they store fat on the upper part of their legs. The fat is stored in both sexes and in 
all regions, first by the enlargement of adipocytes, up to a critical size (corresponding 
to a weight of about 0.8 mg); thereafter the number of fat cells increases (Bjomtorp,
1984).
P e r i p h e r a l ,  g y n o i d  o r  
■pear* d i s t r i b u t i o n
C e n l r a l ,  a n d r o i d  o r  
' a p p l e '  d i s t r i b u t i o n
Figure 1.10 Andriod vs. Gynoid Fat Distribution (Guthrie, 1988).
37
I,15.1- Obesity Complications in Relation to Adipose Tissue Distribution:
Vague et al have emphasised for many years that the risk of diabetes and other 
complications of obesity seem to be associated with individuals whose excess body 
fat has an android distribution (i.e mainly in the upper part of the body). Kissebah et 
al, 1982, have also confirmed the relationship between fat distribution and the 
metabolic complications of obesity (Gray, 1989; Bjomtorp, 1984).
Numerous other studies have shown that both women and men with the android 
distribution have a significantly higher prevalence not only of diabetes mellitus type
II, but also of other diseases, such as cardiovascular diseases and hyertension. This 
state is also associated with a high incidence of metabolic abnormalities including 
higher blood pressure, high glucose, insulin, C-peptide, cholesterol and triglyceride 
blood levels. The metabolic bases of these important changes are still being 
researched but it is probable that sex hormones are primarily involved. Female sex 
hormones regulate lipoprotein lipase and stimulate the differentiation of adipocyte 
precursor cells into mature fat cells (Bjomtorp, 1984.,Van Gaal, 1989).
Comparing the risk of obesity-associated disorders in men and women with the same 
degree of obesity, men have higher blood glucose, plasma insulin, and triglyceride 
concentrations and higher blood pressure. This is generally the case for moderate 
obese subjects. Women reach the male risk zone only when they become severely 
obese (Bjomtorp, 1984). The risk of obesity complications was found to be more 
prevalent in women with male type obesity (high waist/hip circumference ratio) than 
in women with female-type obesity (low W/H ratio)(Bray & Gray, 1988).
Studies have shown that a high ratio of abdominal circumference relative to gluteal 
circumference increases the risk of diabetes mellitus and other diseases associated 
with it (Bray & Gray, 1988). They emphasise that increased abdominal fat is a greater 
risk factor for health than total body fat (Gray, 1989; Bray & Gray, 1988; Deurenberg 
and Hautvast, 1989).
38
Furthermore, the risk associated with increased adiposity around the upper trunk and 
waist is more highly associated with the risk of mortality and morbidity than fat 
located around the thigh and buttocks (Gurney & Gorstein, 1988). The cut off point 
for an abdominal fat distribution associated with increased risk is a WHR > 0.80 for 
women and > 1.00 for men (Bray & Gray, 1988).
Regional fat distribution was studied in white American females and it was shown 
that those with high number of fat cells in the upper part of the body have a higher 
prevalence of diabetes than those with a similar degree of obesity in the lower part of 
the body (Svec et al, 1989). This study showed that there was a continuum relating 
increased fat accumulation in the upper part of the body with a progressively reduced 
carbohydrate tolerance and increased plasma insulin (Svec et al, 1989). In black 
American females the WHR was used as the index of fat distribution. This ratio was 
found to increase with age. The prevalence of diabetes mellitus was 40 % in these 
with upper body obesity (i.e. of those in the lower quartile) whereas 80 % of those in 
the highest quartile had diabetes. The mean WHR of diabetic patients (0.95) was 
higher than that of non-diabetic patients (0.90). This study was the first to determine 
the existence of correlation between WHR and diabetes in black females. Whether a 
similar correlation of WHR to diabetes would be found in the entire population of 
black females is not yet known (Svec et al, 1989).
In women, abdominal adiposity has also been found to be an independent risk factor 
for impaired glucose tolerance (Kalkoff et al,1983), while in men it is related to 
diabetes (Lundgren et al, 1988). Moreover, it has been observed that both the amount 
and the distribution of fat have an impact on serum glucose and serum insulin 
concentrations (Lundgren et al, 1988).
Generally speaking, overweight adults have impaired glucose tolerance (Garrow, 
1980., JAMA, 1988., Conner, 1989), which increases the risk of diabetes (Garrow, 
1988). The effect of excess weight on death from diabetes mellitus is particularly 
striking. The risk of dying from diabetes was found to be increased by eight fold in
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overweight adults (Bray, 1985). Even the risk of developing diabetes is worsened with 
increased abdominal fat (Bray & Gray, 1988).
In one study not only was there a clear relationship between abdominal fat distribution 
and some chronic diseases such as diabetes and hypertension in women, but a gluteal- 
femoral fat distribution was related to the prevalence of varicose veins (Deurenberg & 
Hautvast, 1989). In women, the upper-segment distribution of fat is also associated 
with an increased circulating level of testosterone (Bray, 1985).
1.15.2-Adipose Tissue- The Source o f Obesity and Diabetes:
Given a normal balance between caloric intake and expenditure since infancy, an 
individual will have a fairly fixed number of fat cells which does not change markedly 
throughout the life cycle. During the adult years, when an excess of food calories is 
consumed and not used up through a parallel energy expenditure, fat accumulates in 
the individual fat cells and these grow in size; however, there is no increase in the 
total number of fat cells in the body. It appears that normally in the adult there is 
a fixed number of fat cells (the magnitude of this number varies with the individual) 
which, like tiny ballons which are capable of being inflated and deflated according to 
need, will increase in size as they store excess fat and decrease in size as existing fat 
stores are being used up. This total number of fat cells in the body of an individual is 
fixed by mid to late adolescence (Burton, 1976; Eschleman, 1984).
1.15.3- Adipose cells and Insulin Resistance in the Obese:
It is known that large fat cells are more refractory to the action of insulin than small 
ones. Thus, more insulin is required to facilitate normal glucose metabolism in a body 
composed in part of insulin-resistant large fat cells (in an obese person) than in one 
containing insulin-responsive smaller fat cells (as in a lean person). This will explain 
why obese subjects usually have elevated plasma insulin levels and respond to 
a glucose challenge with increased insulin secretion as compared to normal subjects. 
In fact, the degree of hyperinsulinemia in obesity increases in proportion to the
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quantity of total body fat and decreases (and glucose tolerance improves) after weight 
reduction.
Since most people with maturity-onset diabetes are obese just before or at the time 
their disease emerges, i.e they have many abnormally large (insulin-resistant) fat 
cells, this may explain why weight reduction (decrease in adipose cell size and 
increased responsiveness to insulin) in such patients is sufficient, in many cases, to 
control their diabetic symptoms (Burton, 1976; Figure 1.11).
Figure 1.11. Typical male distribution of fat in the intra-and extra-abdominal 
regions (left). Women have typically an additional gluto-femoral 
fat-depot (right)(quoted from Bjorntorp, 1990).
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The size of the adipose cells in the obese person may be the cause. There is some 
evidence that the number of insulin receptor sites on the adipose cell membrane of 
obese people is decreased. Other research suggests that the impairment in insulin 
action is due to an alteration in intracellular glucose metabolism. It has been observed 
that following significant weight loss with reduction of adipose cell size due to loss 
of lipids, glucose tolerance improves and the blood levels of insulin return to normal.
Body Fat Distribution 
and its Relation to Diabetes in Women
Fat cel! Sample Fat cell sample
Large fat cell size 
more risk
Android Distribution
Normal size fat cell 
less risk
Gynoid D istribution^
Figure 1.12 Body Fat distribution and its Relation to Diabetes in Women.
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1.15.4- The Fibre-depleted Starchy Carbohydrate Food Hypothesis Concerning 
Diabetes and/or Obesity:
A hypothesis has been proposed that fibre-depleted starchy foods (complex 
carbohydrates) are diabetogenic in susceptible phenotypes (Burkitt & Trowell, 1975). 
It has also been reported that a high intake of high fibre starchy food is a protective 
factor and might prove beneficial in the treatment of diabetes and / or obesity 
(Burkitt & Trowell, 1975). Both of these disorders are very rare in communities 
accustomed to eating large amounts of starchy foods undepleted of dietary fibre but 
increase markedly in prevalence in communities when a complex set of dietary 
changes occurs:-
1- Processed fibre-depleted starchy foods replace natural high fibre carbohydrate
foods.
2- Less starchy food is eaten.
3- More sugar, fat and protein are consumed, none of which contain fibre.
4- Energy (caloric) intake increases.
5- The energy / fibre ratio of the total diet increases.
At the same time, physical activities and energy requirements decrease. It is possible 
that increased intakes of sugar, fat, protein, and energy (calories) may also be risk 
factors in the pathogenesis of diabetes mellitus and / or obesity. Inheritance, hormonal 
factors, sex, psychological and social factors also influence the development of 
obesity and/ or diabetes mellitus (Burkitt & Trowell, 1975).
1.16- Methods o f  Management o f  Obesity:
There is enough evidence to suggest that fat distribution, which probably reflects an 
abnormally large accumulation of intra-abdominal fat, should be considered as an 
important clinical entity. This form of obesity should therefore be diagnosed and 
treated preferentially. Weight loss would appear to be beneficial, not only in reducing 
central fat distribution, but also in reducing levels of metabolic risk factors
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(Ashwell, 1994). On the other hand, a peripheral fat distribution without excess 
obesity, such as that found in a good proportion of middle-aged women, may well be 
considered harmless from a medical point of view. Severe weight loss should be 
discouraged since there is unlikely to be any improvement in fat distribution or 
decrease in metabolic risk factors (Ashwell, 1994).
Because of increasing complications from excessive central obesity, more aggressive 
efforts at therapy should be directed at centrally obese people in each successively 
high risk classification. A rational approach to treatment, which takes the distribution 
of fat and the severity of obesity into account, is presented in Table 1.5. These 
treatments are discussed below.
Table 1.5 A risk benefit classification of obesity (by severity and distribution) 
according to preferred order of treatment (Ashwell, 1994).
Class BMI Distribution VLCD* Diet Exercise Drug Therapy Surgery
Overweight 25-30 Peripheral NA 2 1 NA NA
Central 3 2 1 NA NA
Obese 30-40 Peripheral 3 1-2 1-2 NA NA
Central 2 1 3 4 NA
Severely Obese >40 Central 1 NA NA 2 3
1= first priority, 2= second priority, 3= third priority, and NA= not appropriate 
* VLCD = very low calorie diet.
1.16.1- Dietary Management o f Obesity:
Dietary management is used to treat mainly moderate and to some extent excessive 
obesity. The energy expenditure of a subject is the sum of that necessary for basal 
metabolism (related most closely to the lean body mass) and the expenditure for 
various activities beyond the resting state. Thus, a clerical worker might require 
only about half of the energy intake of a heavy manual labourer (2000 versus 4000 
kcal or 8.38 versus 16.76 MJ). A correctly devised diet providing about 1000 kcal 
(4.19 MJ)/ day should result in a weekly loss of weight of about 1 kg in a moderately 
obese house wife. This calculation assumes a figure of 7.5 kcal (31.4 kJ) / g as the 
energy value of adipose tissue and a daily energy expenditure of the patient of 2200 
kcal (9.21 MJ). The weekly negative energy balance is equivalent to [ 7 x (2200 -
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10000) / 7.5] g or [7 x (9.21- 4.19) / 0.0314] or 1.2 kg. For an obese man performing 
hard physical work this would have to be augmented to about 1500 kcal (6.29 MJ) by 
suitable protein, fat or carbohydrate exchanges (Maclem 1979; Schwartz, 1979).
1.16.2- Drug Treatment o f Obesity:
When drugs are used to treat obesity, weight loss does result, but weight is regained 
when they are stopped and there is often the risk of drug dependence. Currently 
available drugs for treatment of obesity act on one of two pharmacologic systems in 
the central nervous system (CNS): the noradrenergic system and serotonergic system. 
Table 1.6 lists the drugs obtainable on prescription in the UK that could be used for 
control of severe obesity. However, none of these drugs has been recommended for 
use in treating children’s obesity.
Table 1.6 Drug Treatment of Obesity (Ashwell, 1994).
Types of Drugs Examples o f Drugs Currently
CENTRALLY ACTING DRUGS:
1- Agents acting on the noradregergic system - Diethylpropion
- Mazindol
- Phenetermine
- Phendimetrazine
- Benzphetamine
- Phenmetrazine
2- Agents acting on the serotinergic system - Fenfluoramine
- Fluoxetine
3- Agents acting on opioid receptors
4- Peptide agonists or antagonists
THERMOGENIC DRUGS:
1- Beta-3 adrenegeric agonists 
e.g. BRL 26830A No drugs currently available but 
several undergoing trial2- Alpha-2 adrenergic agonists
3- Growth hormone agonists
GASTROINTESTINAL DRUGS:
1- Enzyme inhibitors 
e.g. tetrahydrolipostatin No drugs currently available but 
several undergoing trial2- Inhibitors of absorption
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1.16.3- Surgical Treatment o f Obesity:
Only the most obese patients (BMI greater than 40) should be considered for surgical 
treatment at all; even then, they should have shown resistance to treatment by all 
other methods (Ashwell, 1994).
About 30 surgical techniques have been described for treating obesity and they can be 
classified into groups as shown in Table 1.7. Various intestinal bypass operations 
have largely been abandoned because of serious morbidity and mortality. Gastroplasty 
appears relatively safe and free from complications and in the long term less weight 
is regained than with diet alone (Maclem, 1979).
Table 1.7 Surgical Treatment of Obesity (cited in Ashwell, 1994).
Physical or Mechanical:
Removal of Adipose Tissue 
Restriction of Intake (Jaw Wiring)
Stomach banding or stapling (gastroplasy)
Malabsorptive:___________________________________________
Intestinal bypasses 
Gastric bypass 
Regulatory:
Direct reduction of hunger or thirst 
(e.g. hypothalamic stimulation or ablation)
Assessing the risks in the surgical treatment of obesity involves evaluating both 
perioperative and long-term complications. Available evidence indicates that the 
immediate operative morality rate for both gastroplasty and gastric bypass is relatively 
low. On the other hand, side effects in the early postoperative period, e.g. wound 
infections and ulcers may occur in about 10 % of the cases. In the later postoperative 
period, other problems may arise and may require reoperation. These include 
esophageal dilation of the pouch, persistent vomiting and failure to lose weight. 
Mortality and morbidity rates with second operations are higher than those of primary 
operations. In the long term, micronutrient deficiencies, particularly of vitamin BJ2,
folate and iron, are common after gastric bypass surgery and must be treated. Another
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potential result of this operation is the so-called dumping syndrome, which is 
characterized by gastrointestinal distress and other symptoms (Ashwell, 1994). 
Surgery should be a last resort after all other treatment has failed.
1.16.4- Treatment o f the Grossly Obese:
For patients who are very fat, the loss of one kilogramme of weight per week 
achieved on the 1000 kcal (4.19 MJ) day regime is usually dishearteningly little, and, 
providing there are no medical contraindications, a more drastic programme can be 
undertaken (Maclem,1979).
In recent years, total starvation for days or weeks has been used by many to treat 
extreme obesity. Jaw-wiring is a technique often instituted to ensure this. There is an 
initial dramatic loss of weight, much of which is due to extracellular water and 
sodium loss. Upon refeeding, even with minimal energy intake, water and sodium are 
markedly retained, together with nitrogen, and in the absence of fat deposition there 
may be regain of weight by about 25 per cent. This treatment for obesity may have 
serious consequences. Hyperuricaemia may result from competition of ketone bodies 
with uric acid for tubular excretion. Clinical gout may be precipitated during 
treatment, and on termination of the fast, the rapid excretion of uric acid may cause 
crystalluria and nephropathy. Lactic acidosis has been reported in mildly diabetic 
obese persons. Porphyria, cardiac irregularities, postural hypotension and 
hypoglycaemia may occur. Rectal lack of sodium and potassium may lead to 
hypovolaemic shock. Such treatment is contraindicated in the elderly and in those 
with cardiac complications, in whom fatal results have occasionally been reported 
(Maclem,1979).
1.16.5- Treatment by Weight Loss:
The maintenance of weight loss is sometimes considered to be the Achilles heel of 
treatment. Usually, weight tends to be regained soon after dietary treatment of obesity, 
but the picture is not much better for other methods. Most people who lose weight
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with any programme tend to return to their pre-programme weight within 5 years 
(Ashwell, 1994).
The energy requirements of obese people invariably fall after weight reduction. 
Garrow has estimated the fall to be about 12 kcal/ day for every kilogram of weight 
lost. Adding social factors to this metabolic consideration often predisposes to weight 
regain (Ashwell, 1994).
Treatment of obese people with special diets, drugs or surgery does not offer much 
hope of new solutions, even through there is continual research into all these methods 
of treatment and continual changes in strategies. The best hope lies in the prevention 
of obesity in the first place. Targets for increases in physical activity have still to be 
published. In the long-term, encouraging the total population to take more exercise 
might be the most effective way of preventing obesity (Ashwell, 1994).
1.16.6- Exercise:
Researchers believe that sedentary life-styles play a major role in the development of 
obesity (Vickers, 1993). So many experts recommend that exercise be a key 
component of any weight loss program. Regular exercise enhances the loss of adipose 
tissue while maintaining or accelerating metabolic rate. The five primary reasons 
exercise is important for weight reduction are to increase energy expenditure, 
counteract the ill effects of obesity, suppress appetite, increase basal metabolism, and 
minimize loss of lean tissue (Brownell, 1982). Ciliska (1993) added the improved 
mood and selfesteem. Exercise also is said to have other positive physiologic and 
psychologic effects. Physiologically, exercise can decrease plasma lipid levels and 
blood pressure, even without a loss of weight. Exercise also may improve self-esteem, 
ease depression, and benefit a person with a negative body image (Brownell, 1982; 
Ciliska, 1993).
Evaluating the level of physical activity is critical in assessing caloric expenditure. 
Client self-report is a practical and low-cost method of obtaining data concerning the
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level of physical activity. Self-recording of recreational activities such as walking, 
bicycling, or playing tennis or golf, as well as routine chores, such as housekeeping, 
gardening, and shopping, allows for a more comprehensive behavioral assessment of 
physical activity (Vickers, 1993).
Although exercise is recommended as part of a weight loss program, research 
continues on the effect exercise has on weight loss and maintenance. Studies continue 
to show conflicting results when dieting with and without exercise is compared. 
A regular exercise program during weight reduction, however, serves to improve 
cardiovascular function and total health, even if weight and fat loss are affected only 
marginally (Hammer et al., 1989; as cited by Vickers, 1993).
1.16.7-Behavioral Therapy:
Behavioral therapy is a treatment or intervention strategy that employs techniques to 
reduce or eliminate negative behavior and replace it with positive behavior. Reviews 
of more than 100 controlled studies of behavioral treatments for obesity revealed 
consistent results. Centres that used a behavioral approach consistently reported 
weight loss of about 11 pounds in each client during a 12-week program, regardless of 
fees, the therapist’s training, or the subjects demographics. Weight losses were larger 
in studies that also used spousal support, exercise, appetite suppressants, or longer 
treatment time (Brownell, 1982). Researchers note that treatment programs without a 
behavioral approach have not produced better results (Brownell, 1982).
Behavioralists have outlined the following components of successful self-management 
of a behavioral program (Stevens et al., 1989; as cited by Vickers, 1993):
1. setting reasonable short-term goals;
2. formulating specific plans to achieve the goals;
3. developing reinforcement and social support for carrying out each element of the 
plan;
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4. assessing progress by keeping records, including food diaries, graphs indicating 
weight change, and daily exercise logs;
5. regularly evaluating and modifying the action plan by using self-management 
records.
1.18- Objectives o f  the Study:
The objectives of the present study were the following:
1- To estimate the prevalence of obesity in a sample of the adult Bahraini population
by means of their anthropometric characteristics such as height, weight, BMI, 
W/H ratio, mid arm muscle circumference, skinfold thicknesses, and the derived 
body fat percentages.
2- To analyse the patterns of changes as regards incidence of obesity in Bahrain in
recent years.
3- To determine some demographic characteristics and socioeconomic factors 
associated with obesity in adult Bahrainis.
4- To examine the genetic factors which predispose to obesity by undertaking a family 
study including a 3-day dietary record of children.
5- To investigate the lipid profile in obese females and correlate this to the incidence 
of certain related diseases such as cardiovascular diseases and diabetes.
6- To discuss the results of this study in the light of similar results in other countries. 
Measures for control of obesity will be mentioned.
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Chapter 2
“ The Prevalence o f  Obesity in Bahrain and Socio-Demographic 
Factors Affecting it ”
2.1- Introduction:
In order to obtain an estimate of the prevalence of adult obesity in Bahrain in the 
1990s, it was necessary to perform a study of anthropometric measurements on 
a random sample of the adult population. In addition, it seemed essential to investigate 
some of the variables that are known to affect the prevalence of obesity; this would 
provide some insight into the causes of obesity in the population. Possible factors 
contributing to obesity that have been reported in countries in the Middle East include 
area of residence (urban versus rural), educational level, marital status, number of 
family members, ownership of a car, profession and family income.
Amine (1980) reported that 40% of adult females in Bahrain were obese, based on 
weight and height, in a study conducted in the 1970’s. Zaghloul et al (1984) reported 
the results of a study of the daily food intakes of 40 obese compared with 34 non- 
obese Bahhraini adolescent girls. The obese girls had a mean age of 18.8 years and 
a mean BMI of 31 compared with the non-obese (mean age 18.3 years, mean BMI 
19). Daily dietary intakes were assessed by the interview method using household 
measures and Food Composition for the Middle East. The obese girls apparently 
consumed significantly more fat, protein and carbohydrate than the non-obese. Rather 
more (75%) of the obese girls than the non-obese (60%) had 3 meals per day. In the 
obese girls lack of activity was judjed to be a factor in causing obesity as well as 
apparent over-consumption of food. Matter et al (1990) also showed that possible 
factors which affect the prevalence of obesity in Bahrain and the Middle East are lack 
of physical exercise, high intake of energy rich foods, a sedentary life style, as well as 
multiple pregnancies and sociocultural factors. In another study from Bahrain,
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Musaiger and Al-Ansari (1988) reported that the educational level, profession, family 
history of obesity and exercise contributed significantly to obesity among a group of 
adult women whereas nationality, ownership of a car, availability of a house maid, age 
and marital status were not significant contributory factors.
In Kuwait, Al-Awadi and Amine (1990) reported that the prevalence of obesity in 
adult females was 42 %, and the number of obese individuals increased with age, 
large family size and less education. In Saudi Arabia, obesity occurred in 41.2 % of 
diabetic subjects compared to 29.3 % of non-diabetics (Fatani et al, 1987). Similarly, 
the prevalence of obesity in Bahraini diabetic subjects was found to be higher than in 
non-diabetic subjects (Al-Mula hermus et al, 1993).
In this chapter, the results of the anthropometric measurements and some 
demographic data from a sample of the adult Bahraini population that were obtained 
by a questionnaire are presented. Information regarding the cultural background and 
nutritional characteristics of the population is discussed in the next chapter.
2.2- Methods and Procedures:
2.2.1-The Pilot Study:
A pilot study was conducted on 31st December 1990, on 20 volunteer post-graduate 
students and staff from the University of Surrey, of whom 9 were females and 11 
were males. They agreed to have their anthropometric measurements taken, as well as 
to supply their demographic characteristics. The pilot study was intended to provide 
an opportunity to acquire skills and experience in taking the anthropometric 
measurements and particularly in the use of the skinfold caliper for measuring 
skinfold thickness at different sites. The researcher deemed this experience to be 
essential before returning to Bahrain where assistants would be trained to help with 
the collection of this information from the Bahraini participants in the study.
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For all subjects, body weight, standing height, waist circumference, hip circumference 
and the mid-arm circumference, and skinfold thickness at four different locations were 
measured under standard conditions. Body mass index (BMI), the waist-hip ratio 
(WHR) and the mid arm muscle circumference (MAMC) were derived from these 
measurements.
2,2.2- Methodology:
2.2.2.1- Weight: Subjects were asked to remove their shoes and heavy outer garments. 
A measuring balance (Seca) accurate to about 5 kg was used for some subjects, whilst 
for others measurement was made on a digital balance. The Avery CTL (CMS 
Weighing Equipment, Ltd.) was used. The scales were set up on a hard flat surface. 
The subjects were asked to look straight head, standing relaxed but still. The weight 
was then taken from the dial. Scales were always re-zeroed before each weighing.
2.2.2.2- Height: The subject was positioned against a stadiometer (Seca). Each 
subject was instructed to stand without shoes with their head in an upright position. 
The indicator of the stadiometer was positioned firmly so that it touched the upper 
part of the subject’s head. The measurement was recorded to the nearest cm.
2.2.2.3- Body Mass Index (BMI): The BMI was classified as suggested by Garrow 
1981 (see chapter 1).
2.2.2.4- Skinfold Thickness: The skinfold thicknesses were measured with a Holtain 
Skinfold Caliper (CMS Weighing Equipment Ltd., Camden Hill, London). This 
instrument exerts a constant pressure at varying opening of its jaws. Measurements 
were made at the four locations used by Dumin and Rahman (1967), namely triceps, 
biceps, subscapular and suprailiac.
For our subjects, 10 readings were made for the 9 female subjects on each of the four 
skinfold locations, while 3 readings only were made for our 11 male subjects. The 
averages of these readings were then obtained.
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2.2.2.5- Measuring The Skinfold Thicknesses:
2.2.2.5.1- Triceps skinfold (Upper arm, dorsal arm): As the fat in this region is not 
uniform in thickness, the site was carefully selected at the midpoint between the top of 
the acromion process of the scapula and the olecranon process of the ulna. The 
measurement was made with the arm hanging relaxed at the side of the body. The 
skin-fold parallel to the long axis was picked up between the thumb and forefinger of 
the left hand clean away from the underlying muscle, and the measurement made at 
this point (Jelliffe, 1966). The skinfold thickness was recorded to the nearest 0.1 cm.
2.2.2.5.2- Biceps skinfold thickness: This was measured as the thickness of a vertical 
fold raised on the anterior aspect of the arm over the belly of the biceps muscle. The 
skinfold was raised 1 cm superior to the line marked for the measurement of triceps 
skinfold thickness and arm circumference, on a vertical line joining the anterior border 
of the acromion processes and the center of the antecubital fossa. The subject stood 
with the upper extremity relaxed at the side, and the palm directed anteriorly. The 
caliper was applied at the marked level. The thickness of the skinfold was recorded to 
the nearest 0.1 cm
2.2.2.5.5- Subscapular skinfold thickness (Infrascapular, back skinfold): The
subscapular skinfold thickness was measured just below and laterally to the angle of 
the left scapula. The fold was in a line running at approximately 45° to the spine, in 
the natural line of skin cleavage. This site is often used as a secondary site for 
measuring fat in adults. It has the advantage of providing a uniform layer of 
subcutaneous fat, not requiring precise localization. However, this site has the 
disadvantage of inaccessibility (Jelliffe, 1966). The thickness of the skinfold was 
recorded to the nearest 0.1 cm.
2.2.2.5.4- Suprailiac Skinfold: The suprailiac skinfold was measured in the 
midaxillary line immediately superior to the iliac crest. The subjects stood with feet 
together and in an erect position. The arms hung by the sides or, if necessary, they 
were abducted slightly to improve access to the site. An oblique skinfold was grasped
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just posterior to the midaxillary line following the natural cleavage lines of the skin. 
It was aligned inframedially at 45° to the horizontal. The caliper was applied about 
1 cm from the fingers holding the skinfold, and the thickness recorded to the nearest 
0.1 cm.
2.2.2.5.5- Waist - Hip Measurement: This was made with a measuring tape.
2.2.2.5.5.1- Waist Circumference: The subjects wore little clothing so that the tape 
could be correctly positioned. The measurements were not taken over clothing. 
Subjects undressed to light underwear and stood erect with abdomen relaxed, their 
arms at their sides and their feet together. An inelastic tape was placed around the 
subject, in a horizontal plane at the level of the natural waist, which is the narrowest 
part of the trunk of the body. In some obese subjects, it was difficult to identify a 
waist narrowing. In such cases, the smallest horizontal circumference in the area 
between the ribs and the iliac crest was measured.
2.2.2.5.5.2- Abdominal Circumference for Males: Subjects were asked to wear light 
clothing during the measurement, then for measurement the subjects stood with the 
arms by their sides and the feet together. The procedures were the same as those 
followed for measuring the waist circumference except that the tape was placed 
around the subject at the level of the greatest anterior extension of the abdomen in 
a horizontal plane. This level is usually, but not always, at the level of the umbilicus. 
The tape was held snug against the skin without compressing the tissues and with its 
zero end below the value to be recorded. The measurement was made at the end of 
a normal expiration.
2.2.2.5.53- Buttocks (Hip Circumference): Subjects were asked to stand erect with 
arms at their sides and feet together. Then, the inelastic tape was placed in 
a horizontal plane around the maximum extension of the buttocks without 
compressing the skin. The zero end of the tape was held below the measurement 
value. The tape was in contact with the skin but did not indent the soft tissues.
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2.2.2.5.6- Mid-arm Circumference: Mid-arm circumference was measured at the 
biceps halfway down the arm at its mid - point while reading the skinfold thickness 
for the triceps was read. Subjects were asked to wear clothes without sleeves to allow 
exposure of the whole arm. When the midpoint was marked for the measurement of 
triceps or biceps skinfolds, this was used as the level for the measurement of arm 
circumference. To locate this point, the subject’s elbow was flexed to 90° with the 
palm facing superiorly. Usually the measurement was made with the arm hanging 
relaxed at the sides. The tape was placed gently, but firmly, around the limb to avoid 
compression of the soft tissues and for the accuracy of reading.
2.2.2.5.7- Fat Percentage: Body fat is usually estimated by the use of subcutaneous 
skinfold measurements. Total body fat is then calculated by the method of Dumin 
and Rahaman (1967). These workers devised regression equations for body density 
(Y) from the log of the sum of skinfold thickness (X) in mm and then used this to 
estimate percentage of body fat. The equation reported by Siri (1956) can be used to 
calculate percentage of body fat from the body density, where:
Fat % = ( 4.95 / density - 4.5 ) * 100 ( See chapter 1).
2.2.3- Results o f  the Pilot Study:
2.2.3.1 - Height and Weight:
The mean height of the men was 1.72 m whilst that of the women was 1.57 m. The 
mean weight of the men was 70 kg while that of the women was 60.9 kg.
2.2.3.2- Waist-Hip Circumference Ratio (WHR):
The measurement of WHR showed that females were at borderline risk of developing 
central fat distribution. The majority of women were in the high to moderate risk 
zone. The majority of males were in the moderate risk zone, with a few of them in the 
low risk zone but none in the high risk zone. The mean W/H ratio for females and 
males was 0.79 and 0.85 respectively.
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2.23.3- Skinfold Thickness:
The total skinfold thickness in females was 66 mm and in males it was only 50 mm.
2.2.3.4- Obesity Index (BMI): The prevalence of obesity was determined using the 
body mass index (BMI) which is defined as the weight in kilograms divided by the 
square height in meters (weight in kg / height in m). The results were interpreted by 
using Garrow’s 1981 classification.
Table 2.1: Number of subjects and degree of obesity in adult males and females 
at the University of Surrey.
Grade o f Obesity Value o f BMI Interpretation # o f
Males
# o f
Females
- <20 Underweight 0 1
Grade 0 20-24.9 Normal Weight 8 5
Grade I 25-29.9 Overweight 3 2
Grade II 30-39.9 Moderately Obese 0 1
Grade III >40 Severely Obese 0 0
Total 11 9
The results indicated that 5 females fell within the normal, desirable body weight, 2 
subjects were considered overweight, 1 subject was moderately obese and 1 subject 
was underweight. For males, on the other hand, 8 subjects were within the normal, 
desirable body weight, 3 subjects were moderately overweight, and no men were 
obese or underweight (Table 2.1).
2.2.3.5- Body Density and Fat Percentage:
There was a notable difference between the percentage of fat of females and males, 
(30.4 and 19.6 % respectively). In females one third of their body weight was fat. 
These results are presented in tables 2.2a and table 2.2b below:
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Table 2.2-a: Anthropometric measurements of skinfold thicknesses, weight,
height, waist, hip and mid arm circumference in postgraduate 
adults females and males at the University of Surrey.
# Wt
Kg
Height
cm
Waist
cm
Hip
cm
Triceps
mm
Biceps
mm
Subscap
mm
Suprai
mm
Mid Arm- 
Circum cm
FEMALES:
1- 54.4 155 66.5 98.5 12 8 10 8 25
2- 57 157 71 93 14 8 18 15 28.5
3- 50 147.5 72.5 93 20 7 18 15 28.6
4- 57 155 72.5 100 18 7 20 17 27.5
5- 72 153 93 113 34 29 33 32 37
6- 65 159 83 100 19 6 22 10 29.5
7- 74 168 84.5 107 24 10 22 23 29
8- 61 151.5 81 96.5 30 18 21 15 31
9- 58 166.5 74.5 85 4 3 8 4 23.5
Males:
10 87 181 92 103 12 9 22 18 32
11 73 170 91 101 13 10 22 14 26
12 58 164 76 89 12 7 18 11 25
13 60 183 87 87 11 6 14 12 30
14 78 180 86 101 13 6 16 12 27
15 70 172 79 101 63 6 13 15 27
16 66 172 88 100 12 7 17 18 30
17 66 167 80 98 13 8 12 14 29
18 60 172 70 85 6 6 10 8 31
19 76 160 84 105 14 20 21 18 28
20 76 175 82 96 12 9 14 8 28
Table 2.2-b The derivative values of the sum of skinfold thicknesses, body density, 
fat %, BMI, WHR, and Mid Upper Arm Muscle Circumference 
(MUMC)._________________
# Sum Skinfolds Body Density Fat % BMI WHR MUMC
FEMALES:
1 38.4 1.0440 24.14 22.6 0.675 21.12
2 57.1 1.0316 29.84 23 0.763 23.8
3 61.7 1.0292 30.97 22.98 0.78 22.27
4 63.1 1.0285 31.28 23 0.725 21.71
5 129.7 1.0062 41.96 30.8 0.823 26.07
6 57.6 1.0313 29.96 15.4 0.83 23.45
7 84.6 1.0194 35.59 26.1 0.787 19.9
8 84.6 1.0193 35.62 26.6 0.84 21.43
9 20.5 1.0637 15.35 20.92 0.877 22.23
Average 66.36 1.0304 30.41 23.5 0.85 23.75
MALES:
10 61.8 1.0478 22.41 26.6 0.893 27.95
11 59.8 1.0487 22.01 25 0.901 22.26
12 50.4 1.0534 19.9 21.6 0.854 21.64
13 44.5 1.0568 18.38 22.3 0.896 25.98
14 47.0 1.0553 19.1 23.3 0.852 25.05
15 40.8 1.0592 17.33 21.6 0.782 23.29
16 55.0 1.0510 21.0 22.3 0.88 25.71
17 48.3 1.0546 19.4 23.67 0.816 27.1
18 30.2 1.0675 13.72 20.3 0.824 26.7
19 72.9 1.0433 24.46 29.7 0.8 24.23
20 44.5 1.0568 18.38 24.8 0.854 24.17
Average 50.46 1.0540 19.64 23.7 0.79 22.58
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2,23,6 - Test for Validity and Reproducibility of Skinfold Measurements:
Table 2.3-a: Triceps, biceps, subscapular, and suprailiac skinfold measurement 
and the derived standard deviation (S.D) and the variance (V) for 
each skinfold.
Triceps Biceps Subscapular Suprailiac
# X S.D V X S.D V X S.D V X S.D V
Males:
i 12.2 0.2 0.016 9.133 0.306 0.034 22.43 0.603 0.029 18 0.2 0.011
2 12.9 0.1 0.008 10.5 0.436 0.042 22.5 0.5 0.022 13.9 0.1 0.072
3 11.9 0.36 0.030 7.8 0.265 0.034 18.9 0.361 0.019 11.76 0.252 0.021
4 10.7 1.61 0.150 6.2 0.2 0.032 14.63 0.551 0.038 12.97 0.208 0.016
5 12.8 0.2 0.016 6.23 0.252 0.040 16 0.173 0.011 11.97 0.153 0.013
6 6.2 0.2 0.032 6 0.2 0.033 13.6 0.4 0.029 15 0.2 0.013
7 11.8 0.2 0.017 7.77 0.252 0.032 16.93 0.115 0.007 18.47 0.611 0.033
8 13.7 0.31 0.022 8.2 0.2 0.024 12.2 0.2 0.016 14.23 0.252 0.018
9 6 0.2 0.033 6.4 0.6 0.094 9.8 0.529 0.054 8 0.2 0.025
10 13.8 0.2 0.145 20 0.2 0.01 20.87 0.306 0.015 18.2 0.2 0.011
11 12 0.2 0.167 9.67 0.416 0.043 14.77 0.251 0.017 8.07 0.42 0.298
Females:
12 12.5 0.06 0.039 7.7 0.17 0.061 10.33 0.29 0.063 8.17 0.288 0.029
13 14.5 0.53 0.088 7.567 1.115 0.137 19.4 0.36 0.087 15.33 0.577 0.058
14 20.3 0.58 0.052 7.7 0.264 0.275 17.4 0.529 0.087 19.83 0.577 0.058
15 18.3 0.76 0.040 7.0 0.5 0.058 20.73 0.643 0.038 16.67 0.58 0.079
16 35.3 0.58 0.047 27.17 0.764 0.160 31.7 0..681 0.045 32.83 0.764 0.054
17 18.3 0.29 0.055 6.53 0.058 0.154 22.53 0.503 0.096 9.47 0.252 0.049
18 27 0.71 0.035 9.23 0.252 0.165 21.5 0.5 0.034 22.2 0.52 0.091
19 31 0.5 0.083 15.17 0.58 0.243 21.27 0.681 0.038 14.37 0.321 0.074
20 4 0.2 0.048 4.23 0.252 0.098 8.53 0.058 0.025 4.01 0.05 0.027
The derived coefficient of variation from the readings on table 2.3-a. indicated that the 
readings for both males are highly reproducible since the coefficient of variation was 
below 5 %, except for a few subjects. This indicates that our results were reliable and 
that the investigator had mastered the technique of skinfold measurements.
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Table 2.3-b Coefficient of variation for the four skinfold measurements: triceps, 
biceps, subscapular, and suprailiac.
# Triceps Biceps Subscapular Suprailiac
Males:
1- 1.64 3.40 2.73 1.10
2- 0.8 4.20 2.20 0.72
3- 3.0 3.80 1.90 2.12
4- 11.9 3.20 4.10 1.62
5- 1.56 4.00 1.10 1.25
6- 3.20 3.30 2.90 1.30
7- 1.69 3.80 0.70 3.20
8- 2.30 2.40 1.64 1.80
9- 2.30 9.40 5.40 2.50
10- 1.45 1.00 1.50 1.10
11- 1.70 4.30 1.70 5.20
Females:
12- 4.50 2.21 2.82 3.54
13- 4.90 1.52 1.86 3.77
14- 2.84 3.38 3.05 2.91
15- 4.17 7.10 3.10 3.46
16- 1.63 2.81 2.15 2.33
17- 1.57 0.88 2.23 2.66
18- 2.62 2.73 2.33 2.34
19- 1.61 3.81 3.20 2.23
20- 5.00 5.95 0.68 1.24
2.2.4- Conclusion o f  the Pilot study:
The pilot study was a useful preliminary to setting up the main study in Bahrain. The 
objective of the study was felt to have been achieved in that it provided the desired 
experience in using the equipment and making the measurements. In particular, the 
system of multiple measurements of skinfold thickness provided a satisfactory 
evidence of reproducibility, in that the coefficient of variation for each of the four 
measurements made was less than 5 %.
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2.3- Sampling Techniques o f  the Main Study in Bahrain:
A sample of Bahraini citizens was selected for the main study using a simple random 
method. A meeting was set up with Dr. A. Musaiger, the Head of the Nutrition 
Department, Ministry of Health, Bahrain, early in March 1991. The sample was 
chosen randomly using the Central Statistics Organization figures in Bahrain. 
According to these figures, the majority of the population (almost 80 %) live in the 
urban areas, with the remainder in the rural areas. It was decided to choose a total of 
80 households, 60 from an urban area (Muharraq) and 20 from a rural area (Sitra). 
Since these areas were divided into blocks, 3 blocks were chosen randomly from the 
urban area and 2 blocks from the rural area.
Adult males and females aged 20 to 65 years were chosen at random during the period 
from June 1991 to January 1992. The total number of participants was 320; pregnant 
women, persons over the age of 65 years and participants who were later found to 
have one or two parameters missing were excluded from the study. The results 
presented are based on a total of 290 subjects of whom 137 were males and 153 were 
females. In the urban area, out of a total of 142 subjects, 77 were females and 65 were 
males, whilst out of the 148 subjects in the rural area, 76 were females and 72 were 
males. The measurements and interviews were taken in the homes of the volunteers by 
previously trained investigators (practical nursing students from the College of Health 
Sciences in Bahrain). The choice of the trained investigators was made after 
consultation with Dr. Naeema Al-Qaseer, Head of the Community Nursing 
Department at the College of Health Sciences, Ministry of Health. It was decided to 
set up a meeting with the practical community nursing students and explain to them 
the aim of the study, how it was going to be implemented and the various questions 
of the questionnaire. It was desirable that only nurses who were interested in the topic 
should be allowed to participate.
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2.4- Anthropometric Measurements:
For all the participants, the weight, standing height, waist circumference, hip 
circumference, mid-arm circumference and skinfold thicknesses at the four different 
sites were taken. There are no anthropometric standards for the Bahraini population. 
Techniques applied were those described by Lohman et al, (1988) and as used in the 
pilot study.
2.4.1- The Weight:
The weight of each subject was determined using a digital balance (bathroom type) 
accurate to 1.00 kg. Measurements were taken as described by Lohman et al (1988). 
In addition, standard curves developed by Frisancho (1990) were used to determine 
a weight for age distribution curve.
2.4.2- Height:
The height was measured with a portable stadiometer in a similar way to that 
described in the pilot study .
2.4.3- Body Mass Index (BMI):
The BMI was calculated as described in the pilot study. The Garrow (1981) 
classification was used for grading overweight and obesity.
2.4.4- Skinfolds Thickness Measurements:
Subcutaneous skinfold measurements were performed using a Holtain skinfold caliper 
(CMS-Weighing Equipment, Ltd.), and Lange skinfold caliper (Cambridge Scientific 
Industries, Inc.). Three readings were made at each of the four sites (triceps, biceps, 
subscapular, and suprailiac). An average of these readings was recorded as the 
skinfold thickness.
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2.4.5- Waist and Hip Measurements :
Waist and hip measurements were taken as described in the pilot study. This included 
measurement of waist circumference and abdominal circumference for males, and 
buttocks (hip circumference) for females.
2.4.6- Mid-Arm Circumference:
Mid-arm circumference was measured halfway down the arm at its mid-point, as 
described in the pilot study, while the skinfold thickness for the triceps and biceps 
were taken. Then Mid Upper Arm Muscle Circumference (MUMC) was calculated by 
using the equation by Fumey and Jelliffe (Brodie, 1988).
Mid upper arm Mid upper arm _  0.314 x Triceps skinfold
muscle circumference (cm) ~ circumference (cm) thickness (mm)
2.5- Design and Procedures o f  the Questionnaire:
In addition to the anthropometric measurements, a questionnaire was designed to 
investigate demographic data. It included information on age, sex, number of family 
members, educational level, profession, ownership of a car and monthly income. Both 
personal and family history of the population were examined, including medical 
history related to diseases, psychological and socioeconomic aspects, personal 
activity, habits such as smoking and others. The subjects were assured that the 
information would be kept strictly confidential. The questionnaire was made after 
revising journals with established questionnaires such as the Dutch questionnaire 
(Deurenberg and Hautvast, 1989) and after taking into consideration the opinions of 
friends and colleagues who have experience in designing questionnaires. After the 
questionnaire was formulated, it was commented on by Dr. Abd Al-Wahab Al-Essa, 
Assistant Professor of Clinical Nutrition of the Community Health Department at 
Kuwait University, who came to work on a part time basis at the Medical School in 
Bahrain during the Gulf War. Each subject was interviewed for about 15 to 20 
minutes. Interviews took place in the participants’ homes by the principal investigator 
with the assistance of the trained nurses so that all the questions of the questionnaire 
could be answered (a copy of the questionnaire is included in Appendix 2).
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2.6- Data Management and Analysis:
The answer to each question in the questionnaire was coded and the collected data 
were entered into a database file on an IBM computer. The results were statistically 
analyzed by using File Maker, D-base 4 and the Statistical Package for Social 
Sciences (SPSS-PC +). The data were presented in charts designed using Harvard 
graphics.
2 .7- Results:
Results are presented in Table 2.4. The mean age of the males (37.2 years) was 
similar to that of the females (35.6 years) (Table 2.4). The mean height of the males 
(1.66 m) was higher than that of the females (1.53 m) but the shortest males were 
similar in height to the shortest females, so that a wider range of heights was observed 
in males than in the females. The mean weight of the males (68.5 kg) was greater 
than that of the females (63.3 kg), although in this case the range of body weights in 
females was wider at 81.0 kg than in the males, 72.4 kg. The wider range in weight 
and narrower range in height of the females contributed to the higher BMI of the 
females (27.0) compared to that of the males (24.8).
Table 2.4 Age and selected anthropometric variables for adult Bahraini subjects 
and the derived skinfolds, body density, percentage of fat and WHR, 
mid- arm muscle circumference (MAMC), by gender (mean ± S.D and 
range).
VARIABLE
MEASURED
MALES (n = 137) FEMALES (n =  153)
Mean ± S.D Range Mean ± S.D Range
AGE (YEARS) 37.2 ± 15.1 20-65 35.6 ±12.6 20-65
HEIGHT (m) 1.66 ± 0.1 1.43 -1.86 1.53 ± 0.1 1.42-1.74
WEIGHT (Kg) 68.35 ±13.2 40-112.4 63.28 ±14.1 32.8-113.8
BMI 24.8 ± 4.6 13.7-38.8 27.0 ±5.8 15.3 - 45.3
SKINFOLDS (mm) 49.0 ±20.9 16.0-160 87.0 ±32.0 22.5-173
TRICEPS 11.0 ±5.5 3.5-35 24.75 ±8.9 6.5-45
BICEPS 7.0 ±4.1 2.0-33 4.0 ± 7.8 3.0-4.0
SUBSCAPULAR 16.0 ± 6.8 4.0-42 27.0 ±10.2 6.0-53
SUPRAILIAC 14.0 ±8.4 2.5-58 21.0 ±8.8 4.5-42
BODYDENSITY 1.06 ±0.01 1.02-1.09 1.02 ±0.1 1.00-1.06
FAT % ( SIRI) 18.6 ±5.3 5.52-36.7 35.0 ±6.5 17.5-46.5
WHR 0.92 ± 0.1 0.41-1.09 0.83 ± 0.1 0.64-1.0
MAMC 24.4 ±16.2 2.6-95 48.6 ±24.7 1.6-109.9
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Simple tables of measured height and weight are poor indicators of obesity. Therefore 
a percentile chart was also used. Figures 2.1 and 2.2 present percentile charts for 
weight in kg and height in cm. The majority of male and female Bahrainis in this 
study were below the 95th percentile and above the 5th percentile.
Figures 2.3 and 2.4 present the percentile charts of weight in kg by age for males and 
females. They show that the majority of females were below the 85th percentile and 
above the 5th percentile. From these two figures, it appeared that age does not seem 
a significant factor for the development of obesity in females, because many of the 
obese subjects are young adults.
Figure 2.5 and 2.6 present percentile charts of the sum of triceps and subscapular 
skinfold thickness by age for males and females. Most females were in the average, 
above average, and excess fat areas while the males were mostly in the average area.
The mean triceps skinfold thickness in females was more than twice that of males, 
whereas the reverse was true for the biceps skinfold thickness. Both the subscapular 
and suprailiac skinfold thicknesses were greater in females than in males. A wide 
range of values at each of these four sites in both sexes was noted. At each site the 
lowest value in females was greater than that in males, whereas the highest value was 
found at only three sites in females. The exception was the suprailiac skinfold 
thickness, for in males the highest value (58 mm) was greater than that in females (42 
mm). The mean value for the total of the four measurements in the females was 77 % 
higher than that in the males. Calculation of the percentage of body fat in the two 
sexes using the Siri equation showed that the females contained almost twice as much 
fat as the males (35 % compared with 18.6 %, Table 2.4). The ratio of waist to hip 
circumference in the males tended to be higher than in the females; the range of values 
in the males (0.68) was greater than that in the females (0.36)(Table 2.4).
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If the BMI is taken as an index of body fatness, and using Garrow’s (1981) system of 
classification, Table 2.5 shows that 16.8 % of the males were very lean and so too 
were 11.8 % of the females. Of the males, 40.9 % and of the females 27.4 % were in 
the acceptable range of BMI; 26.3 % of the males and 29.5 % of the females were 
moderately overweight and 16.0 % of males and 29.4 % of females were obese. 
A further 2.0 % of females were morbidly obese.
Table 2.5 shows the distribution of BMI in relation to age. Of the 137 males, almost 
equal numbers within the age groups 20-29 years and 50 years old and above were 
very lean and possibly malnourished. Additionally, equal numbers of those who were 
overweight were in the youngest groups, that is, those under 39 years of age, as well 
as those over 50 years. There was a tendency for more of the obese subjects to be in 
the oldest group but obese subjects were found in each age group. Of the 153 females, 
more of the very lean subjects were in the youngest group and none in the oldest. The 
greatest number of overweight subjects was in the youngest group, with the age group 
40-49 years being the next most commonly overweight and then equal numbers in the 
two remaining groups. Similar numbers of obese subjects were found at all ages, with 
one of the morbidly obese being in the youngest group and the other two in the 40-49 
year old group.
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Table 2.5 Body mass index of adult Bahraini subjects by age and gender
(number and percent).
Variables Body Mass Index
Measured <20 20- 24.9 25-29.9 30-39.9 >40
ft % ft % ft % ft % ft %
Age Group (yr.) for Males (n=137):
20-29 11 8,0 33 24.1 13 9.5 4 2.9 0 0
30-39 2 1,5 9 6.6 11 8.0 6 4.4 0 0
40-49 0 0 4 2.9 2 1.5 4 2.9 0 0
50+ 10 7,3 10 7.3 10 7.3 8 5.8 0 0
Total 16,8 40.9 26.3 16.0
Age Group (yr,) for Females (n=153):
20-29 11 7,2 18 11.8 18 11.7 13 8.5 1 0.7
30-39 5 3,3 8 5.2 7 4.6 10 6.5 0 0
40-49 2 1,3 6 3.9 13 8.5 11 7.2 2 1.3
50+ 0 0 10 6.5 7 4.6 11 7.2 0 0
Total 11.8 27.4 29.4 29.4 2.0
There was a tendency for a greater proportion of the overweight women to be from the 
rural area and for more of the obese women to be from the urban area (Table 2.6). 
However, if the overweight subjects are considered to be potentially obese then the 
percentage of females in each area who were above the acceptable weight range was 
similar in both areas (64 % urban, 66 % rural). If the findings for the males are looked 
at in a similar way, there was a tendency for more urban than rural males to be 
overweight and obese (49 % urban, 36 % rural).
Table 2.6 Body mass index of adult Bahraini subjects with respect to place
of residence (urban or rural) by gender (number and percent).
Place of Residence Body Mass Index
<20 20-24.9 25-29.9 30-34.9 35-39.9 >40
ft % ft % ft % ft % ft % ft %
Males (n= 137):
Urban (n=65) 10 7.3 23 16.8 19 13.9 11 8 2 1.5 0 0
Rural (n=72) 13 9.5 33 24.1 17 12.4 8 5.8 1 0.7 0 0
Total 23 16.8 56 40.9 36 26.3 19 13.8 3 2.2 0 0
Females (n=153):
Urban (n=77) 7 4.6 20 13.1 19 12.4 20 13.1 8 5.2 0 0
Rural (n=76) 11 7.2 22 14.4 26 17.0 16 10.5 1 0.7 0 0
Total 18 11.8 42 27.5 45 29.4 35 22.9 9 5.9 0 0
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Table 2.7 shows the relationship of marital status, car ownership and family size to 
BMI (values are given as a percentage of the total sample). Of the very lean subjects, 
a greater percentage of the females were unmarried and in both sexes a greater 
percentage did not own a car. A greater proportion of overweight subjects were 
married, compared with those subjects who were average or underweight. Rather 
more of the overweight males, but fewer of the overweight females, owned a car and 
rather more overweight females than males were in families of 5 members or more.
Table 2.7 Marital status, ownership of a car, number of family members and 
body mass index values of adult Bahraini subjects (percent).
Variables
Measured
Body Mass Index
<20 20-24.9 25-29.9 30-39.9 >40
Male Female Male Female Male Female Male Female Male Female
Marital Status:
Married 8 4.6 22.6 16.2 19.7 21.6 11.7 19 0 2
Unmarried 8.8 7.2 18.2 11.1 6.6 7.9 4.4 10.5 0 0
Car Ownership:
Yes 4.4 1.3 16.7 3.2 14.6 3.3 9.5 3.9 0 0
No 12.4 10.5 24.1 24.2 11.7 26.1 6.6 25.5 0 2
Family Members:
<5 5.8 3.3 16.1 9.8 12.4 8.5 5.9 7.2 0 1.3
5-7 1.4 5.2 7.3 5.9 7.3 5.2 1.4 6.4 0 0
>7 9.5 3.3 17.5 11.8 6.6 15.7 8.8 15.7 0 0.7
Table 2.8 shows that there was no clear effect of education, profession and family
income on the BMI. In females, but not in males, a low level of literacy was 
associated with overweight. In both sexes, but rather more in females than in males, 
a low level of literacy was associated with obesity. Neither low nor high BMIs were 
found in the professionally educated subjects, but relatively few of these were 
included in the sample. A labouring job and unemployment were associated with 
overweight and obesity in males. In females there was a similar relationship, but with 
a clearer association with unemployment. It should be noted that unemployed females
71
include those not actively seeking employment, such as housewives. There was no 
clear evidence of an association between income and overweight or obesity, but most 
of our subjects were earning less than 300 BD (790 U.S. dollars) per month.
Table 2.8: Education, profession and family income related to body mass index of 
adult Bahraini subjects.
VARIABLES
MEASURED
Body Mass Index
<20 20-24.9 25-29.9 30-39.9 >40
male female male female male female male female male female
EDUCATION: % % % % % % % % % %
lliterate & semi-liter. 5.1 2.0 8.8 12.4 8.8 15.0 9.5 16.3 0 1.3
Primary & 
Intermediate
4.4 5.2 13.1 5.2 8.0 5.9 2.9 8.5 0 0
Secondary 5.8 1.3 14.6 5.9 7.3 5.9 2.9 4.6 0 0.7
Higher Educat. 1.5 3.3 4.4 3.9 2.2 2.6 0.7 0 0 0
PROFESSION:
Unemployed 8.8 3.9 13.2 13.1 6.5 18.3 5.1 19 0 2.0
Laborer 5.8 7.8 21.2 14.3 17.6 11.1 7.4 10.5 0 0
Clerical 0.7 0 2.9 0 0.7 0 2.9 0 0 0
Technician 1.5 0 2.9 0 0.7 0 0.7 0 0 0
Professional 0 0 0.7 0 0.7 0 0 0 0 0
MONTHLYINCOME:
B.D. 100 7.3 4.6 13.8 7.7 5.1 7.8 3.6 7.8 0 0
B.D. 100-300 8.1 5.2 20.4 13.1 14.6 15.0 8.8 11.8 0 1.3
B.D. 300-500 1.5 2.0 5.1 4.5 5.8 4.6 2.2 5.2 0 0.7
B.D. 500-700+ 0 0 1.5 2.0 0.7 2.1 1.5 4.6 0 0
2,10- Discussion o f  the Main Study:
The total number of subjects enrolled in this study was 290, of whom 137 were males 
and 153 were females. The male sample was composed of 65 in the urban area and 72 
in the rural area. The female sample was composed of 77 subjects in the urban area 
and 76 subjects in the rural area. The total population of Bahraini citizens is 347,000 
(Directorate o f Statistics Annual Report The State of Bahrain, 1991). Of these, 
214,800, corresponding to 62 %, are within the age group 15-65 years. Hence one of 
about every 740 adult Bahrainis was selected for the present study.
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The subjects included in this study were volunteers from two communities-one rural 
(Sitra) and the other urban (Muharraq). All were Bahrainis. Although the sample 
included few professional individuals and individuals with incomes over 300 BD per 
month, the different educational levels were evenly represented. Because of this, and 
the relatively small indigenous population in Bahrain it was considered that the 
sample size of 1 in 740 adult Bahraini subjects was acceptable.
Anthropometry is widely used in surveys as an indicator of nutritional and health 
status. In the present study, the mean height of the males was 166 cm and that of 
females 153 cm. Bahrainis appear thus to be rather shorter than people in western 
societies; the corresponding mean values in Britain are 174.5 cm and 161.7 cm 
respectively (Gregory et al, 1990). This difference may be due to genetic and 
environmental factors since the reported values from Saudi Arabia, a neighbouring 
Arab country, of 167 cm and 155 cm for males and females respectively 
(Al-Shoshan, 1990), were very similar to those for Bahrain. Men and women in the 
USA have similar heights and weights to those in the UK (Frisancho, 1990).
The average weight of the Bahrainis, 68.5 kg for males and 63.3 kg for females, was 
again comparable to the weights of adult Saudi Arabians (Al-Shoshan, 1990) and 
lower than those of British males and females (75.9 kg and 64.3 kg respectively) 
(Gregory et al, 1990). In the USA, men weigh on average 78 kg and women 65 kg 
(Bray, 1985). The higher weights in Britain and the USA are accounted for by a larger 
skeleton and muscles. If our results for Bahrainis are compared with those of 
Musaiger (1984), it appears that the weights of males have risen from 63 kg in 1984 
to 68 kg in 1992 and those of females from 56 to 63 kg over the same period.
It is characteristic of females that they always have a higher percentage of body fat 
than males of the same age and if the range of ages of our subjects is taken into
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account, the percentage of body fat in the Bahraini males and females was similar to 
that found by Frisancho (1990) for US males and females. Moreover, the fat 
distribution in the males was also similar, as assessed by triceps and subscapular 
skinfold thicknesses (mean values 11.0 and 16.0 mm respectively for Bahrainis and 
12.9 and 17.6 mm respectively for Americans). However, similar comparisons in 
females show that whilst the triceps thickness was similar (24.7 mm in Bahrainis and 
24.7 mm in Americans), the subscapular fat thickness in Bahraini females (mean 27 
mm, range 6.0-53 mm) was greater than in the US females (mean 20.6 mm for the 
mean age of 35 years or a range of 16.1 mm to 21.4 mm over the same age range of 
20-65 years).
Using the BMI as an index of body fatness, 16.8 % of the males were very lean and 
possibly malnourished, with approximately equal numbers in the 20-29 year and the 
over 50 year age groups. Of the females, 11.8 % were in this category with the highest 
percentage being in the youngest age group.
The present study did not provide any evidence for the causes of this undemutrition. 
Unemployment may be a reason for undemutrition in males and concern about body 
image the cause in females; this latter suggestion may be supported by the fact that a 
greater proportion of females who were very thin were unmarried than married. 
Malnutrition has clear health implications and a low BMI in this proportion of the 
population of a relatively rich country seems to merit further study.
A BMI value above the accepted range, i.e. of 25 kg/m2, was found in 38 % of males 
and 61 % of females. A high BMI was more prevalent in urban than rural males, 
whereas the prevalence in females was similar in both areas. Because of the health 
implications of an excess body fat composition, many countries have produced values 
for the proportion of the population that is overweight and obese. In western
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countries, rather more men than women are classed as overweight, whereas in the 
Arab Gulf States the proportion of overweight individuals in the two sexes seems to 
be similar. However, obesity is more common in both sexes in the Gulf than in 
western societies. The figure of 16 % in males in Bahrain is similar to that of 15 % for 
males in Saudi Arabia, whereas the figure of 31 % in females in Bahrain is rather 
higher than the 24 % in females in Saudi Arabia (Al-Shoshan, 1990). Both these 
values are lower than the 40 % reported from Kuwait, a country in which 52.5 % of 
women were found to be overweight (Al-Awadi and Amine, 1984). The prevalence of 
obesity in women is a much more serious problem in the Gulf States than it is in 
western countries where the highest percentage of obesity in women is 12 % 
(in the USA). The high prevalence of obesity in Bahrain has been attributed to a high 
intake of high energy food (Zaghloul et al, 1984), lack of exercise, demographic, and 
cultural factors. Lack of exercise and demographic and some other cultural factors 
have also been found to be associated with obesity in the present study. Musaiger 
(1990) observed that the old and middle-aged men in Bahrain preferred overweight 
women although the new generation of men prefer slim women.
The incidence of obesity in Bahraini males was higher at the age of 50+ years, but in 
females age seemed to have no effect on the incidence of obesity. This finding was in 
contrast to the results recorded in Kuwait, where the proportion of obese females 
increased with age (Al-Awadi and Amine, 1990). Increase in age has been reported to 
be associated with a rise in BMI in both males and females in Italy (Mancini et al, 
1986) and in Canada (Young and Sevenhuysen, 1989).
In Bahrainis, being married as well as having a large number of family members 
( >7) tended to be positively associated with obesity. This is in line with the fact that 
gathering as a social habit encourages food intake. In Canadian Indians, married
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women had significantly higher BMI values when other factors were controlled 
(Young and Sevenhuysen, 1989).
The incidence of obesity in both males and females was higher in the less educated 
than in the more educated individuals. Those employed in professions with lower 
educational requirements were more obese than those from other professions. Seidel 
(1989) also found that obesity was more common in people with a lower level of 
education. In the present study it was not possible to draw a definite conclusion about 
the incidence of obesity and the profession of the subjects. Many were either 
unemployed or labourers. However, the number of unemployed and labourer females 
who were obese was more than the number of obese men of the same professional 
category. Comparison of our results with those of Amine (1980) suggests that the 
number of obese women has decreased from 40 % in 1980 to the 31 % found in the 
present study. It is tempting to suggest that this is an indication of positive changes in 
nutritional attitudes and increasing awareness that obesity can be associated with 
major health risks.
In industrialized countries obesity is more common in the lower socio-economic 
classes than higher classes (Gray, 1989). In Bahrain, the incidence of obesity was 
found to be independent of income. In Canada, the BMI values were found to rise 
with income in males but to fall with income in females (Young and Sevenhuysen, 
1989). In Bahrain, obesity existed even in the higher socio-economic classes, since 
the urban participants apparently had higher obesity rates compared to the rural 
individuals. The ownership of private cars may significantly contribute to a sedentary 
lifestyle and hence reduce energy expenditure more than in other countries. 
The majority of Bahrainis use their cars even for travelling for short distances and 
hardly ever use public transport. In this way they deprive themselves of even minimal 
amounts of exercise, especially if they are not practicing any kind of sports.
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There are indications that the distribution of body fat is a more important predictor of 
metabolic health risks than the total body fat (Bray and Gray, 1988). The male fat 
distribution pattern i.e. abdominal or central fat distribution (the apple shape) is more 
hazardous to health than the female pattern of femoral or gluteal distribution (the pear 
shape). In other words, the WHR is a criterion of health risk (Krotkiewski et al, 1983). 
For males a WHR of > 1 and for females a ratio of > 0.8 is considered an overt 
degree of abdominal adiposity (Deurenberg and Haustvast, 1989; Van Gaal, 1989). 
The average WHR of obese males (BMI > 30) in this study was 0.91 and in obese 
females it was 0.85. Therefore, males appear to be at less risk of developing health- 
threatening obesity than females. It is noteworthy that Bahraini women appear to 
deposit more fat in the subscapular region than do US women. In view of the finding 
that the total body fat in Bahraini women was similar to that in US women of the 
same age, it seems that there is a real difference in the distribution of body fat in 
Bahraini women. Further work is necessary to confirm this difference and to attempt 
to determine any health significance.
It is hoped that the availability of data on the prevalence of obesity should facilitate 
improvement of the national nutrition status and increase the general awareness of this 
issue, which is one of the principal aims of the preventive health care services.
Further information derived from the questionnaire is presented in Chapter Three, 
along with conclusions derived from the complete study of these urban and rural 
Bahrainis.
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Chapter 3
“Factors Associated with a Raised Body Mass Index 
in Bahraini Adults”
3.1- Introduction:
A survey of the literature pertaining to obesity (see chapter 1) shows that the etiology 
of obesity is at one and the same time simple and complex. It is simple in that it 
involves an inbalance of energy consumed and energy expended. Energy consumed in 
excess of requirements is deposited as neutral fat in adipose tissue. The factors which 
lead to the positive energy balance are, however, complex and may differ in persons 
living in different countries and between different persons in the same country. 
Overweight and obesity in Bahrain have a prevalence similar to that in other countries 
in the Arabian Gulf. Bahrain has shared with these countries a comparatively rapid 
transition from a traditional to a western-type diet. Associated with this transition 
there has been increased wealth with consequent availability of house-maids, 
sophisticated household appliances and cars, which all tend to reduce the physical 
activity of adult Bahrainis.
Previous studies by Zaghloul et al, (1984) found that the energy, fat, protein and 
carbohydrate intake of obese girls in Bahrain was significantly higher than that of 
non-obese girls of a similar age. A study in Kuwait (Amine, 1990) found that 
imported foods including hamburgers and fried chicken had become more popular, 
and that younger people were commonly eating dinner out of doors in small 
restaurants. This pattern has also developed in Bahrain. The importance of television 
in promoting inactivity and snacking in unemployed women in Bahrain was reported 
by Musaiger (1987).
As a Muslim country, Bahrain has many religious occasions associated with different 
eating habits, such as Ramadan, and the celebrations of Eid Al-Fitr and Eid Al-Adha.
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During Ramadan, people fast during daylight hours for one month. Only two main 
meals are served, one before dawn and one after sunset. However, after the fast is 
broken, several other high energy dishes are served. Kamel and Martinez (1984) 
reported that the food available per household increased significantly during Ramadan 
and, consequently, more food is wasted. However, the consumption of food during 
religious occasions has not been related to weight gain in this study.
In addition, weather conditions in the Gulf may discourage physical exercise and even 
walking for short distances. Thus, a sedentary life-style may contribute to adverse 
weight gain (Al-Shammari, 1994b). Musaiger and Al-Ansari (1992) found that lack 
of exercise contributed significantly to obesity among adult women in Bahrain. 
An imbalance between high food energy consumption and low activity was reported 
by Al-Shayeb (1984) in Bahraini girls. Lack of exercise and increased consumption of 
carbohydrates and fatty foods also contributed to the development of obesity in Saudi 
Arabia (Khwaja & Al-Sibai, 1987).
In order to combat obesity and prevent the consequent risks to health (see chapter 1), 
it seems essential to understand more about the development of the condition. The 
cause of obesity is an excess of energy consumed compared with energy expended. 
This statement says nothing about the complex interplay of socioeconomic factors 
which may operate on both sides of the equation, factors which tend to result in an 
increase in energy consumption and tend to decrease energy expenditure. The 
importance of the various factors may differ from one country and culture to another 
but information about their interplay is important for designing public health measures 
to address the problem. Questionnaires are a standard tool for the collection of 
information from groups of people (Margetts 1991; Stones 1993). However, they 
cannot be used to establish a cause and effect relationship. In the present study, a 
questionnaire was designed to elucidate the frequency of factors which might be 
associated with overweight and obesity as assessed by the BMI. The questions 
incorporated into the questionnaire therefore relate to those factors that in other 
countries have been found to be associated with increased body fatness. The questions
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were closed so that the answer could be precisely classified. This chapter presents the 
results of a questionnaire designed to explore factors associated with a raised BMI in 
Bahraini adults: eating behaviour and food intake; activity level; health; family history 
of obesity; time of onset of obesity and assessment of the effect of psychological 
status on food consumption. This study was undertaken in a randomly selected group 
of Bahraini men and women.
3.2- Subjects and Methods:
The subjects who participated in the study were the same as those whose 
anthropometric measurements and demographic characteristics were given in chapter 
2 (see Table 2.4).
The questionnaire was in the Arabic language and was completed in the participants’ 
homes. After it was decided what data needed to be collected to suit the objectives of 
the study, the questions were set depending largely on how the survey was to be 
performed. Bearing these factors in mind, the investigator designed the questionnaire 
so that the participant could formulate and transmit the answers effectively. 
The answers could then be recorded, coded, and analyzed without bias, or errors. 
The coding system was checked carefully for ambiguity and overlap. Most of the 
answers were self-coded, both to save time and resources when the data had to be 
computerized and to eliminate a source of errors. The questionnaire consisted of the 
following parts:
(a) Demographic data: The information here included the age and sex of the family 
members and their educational level, socio-economic class, occupation, relation to 
spouse and monthly income.
(b) Nutritional and activity information: This included knowledge of nutrition, 
eating habits, life-style, physical activities, sports and exercise.
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(c) Behavioral information: This included attitudes towards diet and obesity.
(d) Psychological Information: This included information related to the association of 
status to eating habits.
(e) Health information: Information was obtained about the subject’s experience of 
certain diseases (see chapter 1) that have been found to be associated with obesity.
(f) Information about social habits.
The questions that were related to psychological and emotional subjects were based 
on those in the Dutch Eating Behaviour Questionnaire (DEBQ) of Strien et al (1986) 
as used by Deurenberg and Hautvast (1989).
The questionnaire was approved by Dr. A. Musaiger, who was then working in the 
Nutrition Department of the Ministry of Health in Bahrain, and by Dr. A. Al-Essa 
from the Medical School of Kuwait.
Each variable tested by each question of the questionnaire was divided into different 
categories. Thus the subjects’ BMI were divided into 5 groups: < 20, 20-24.9, 25- 
29.9, 30-39.9, and 40+. Subjects were grouped according to ages 20-29, 30-39, 40-49, 
and 50+ years. The divisions according to occupation were unemployed and labourer 
(skilled and unskilled labourer); clerical, technicians, and professionals. Subjects were 
also divided according to whether they were illiterate and semi-literate; had received 
primary and intermediate education; secondary education, and higher education 
(university, diploma, or other higher education). A division was also made according 
to salary per month: < 100, 100-300, 300-500, and 500+ B.D (where 100 B.D is 
equivalent to £ 166 sterling). A copy of the questionnaire is included in Appendix 2.
Each item in the questionnaire was coded and the collected data were analyzed using 
Excel and SPSS-PC packages. The results were statistically analyzed by using File
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Maker, D-base 4 as well as the SPSS-PC+ computer statistical package. A Harvard 
Graphics program was used to present the charts. Tests of significance used were the 
Pearson test and analysis of Chi-square for finding the significance of differences 
between various items.
3.3- Results:
The results for the demographic data were presented in Table 2.4, Chapter 2 (p 65). 
Results for the other parts of the questionnaire (nutritional, activity, behavior and 
psychological information) are reported below.
Table 3.1 shows that there was no significant association between either the BMI or 
occupation with the consumption of an afternoon snack. It also showed that females 
who were less than 39 years of age and individuals living in the urban area were more 
likely to consume such snacks (p = 0.006 and 0.02 respectively) than those over the 
age of 39 years.
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Table 3.1 The association between afternoon snacking and the variables of BMI, age 
group, education, and occupation.
Question asked: Do you eat any food at mid-day (afternoon snack)?
Sex and area Variable Significance *
Body Mass Index P Value
Males - ns
Females - ns
Urban - ns
Rural - ns
Age Group(yrs.)
Males - ns
Females <39 + 0.006
Urban <39 + 0.02
Rural - ns
Education
Males - ns
Females Higher Education + 0.0001
Urban Secondary Education + 0.04
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
No significant effect of the level of education was found amongst male subjects or in 
the rural area. However, the more highly educated females and all the subjects 
regardless of sex who had been educated only to the secondary level were likely to 
consume afternoon snacks, though the association was more positive in the highly 
educated females (P < 0.001) than in the others (P = 0.04).
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Table 3.2 shows that the only significant association between BMI and participation in 
sports was that people with the highest BMI (30-39.9) living in the rural area were 
least active (P = 0.01). The association of age with participation in sports was 
significant only in females over the age of 40. These individuals were more likely to 
engage in sports than those who were under the age of 40 (P = 0.03). The least 
educated females were more likely to be active ( P = 0.01), and so too were the highly 
educated individuals living in the rural area (P = 0.02). Males who were unemployed 
and in labourer jobs were less active (P = 0.05).
Table 3.2 The association between practicing sport and BMI, age group, education, and 
occupation.
Question asked: Do you practice sport?
Sex and area Variable Significance *
Body Mass Index P Value
Males - ns
Females - ns
Urban - ns
Rural 30-39.9 -0.01
Age Group (yrs.)
Males - ns
Females 40+ + 0.03
Urban - ns
Rural - ns
Education
Males - ns
Females Illiterate & Semi-literate + 0.01
Urban - ns
Rural Highly Educated + 0.02
Occupation
Males Unemployed & Labourer -0.05
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis + Positive association - Negative association ns = Non­
significant
The effect of psychological status on food consumption and the desire to eat food was 
investigated, and the results are presented in Tables 3.3, 3.4, 3.5, 3.6, 3.7 and 3.8.
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Table 3.3. shows that neither the BMI nor the occupation of the subjects was 
associated with consumption of food when irritated. The most significant association 
was found in males over the age of 50 years (p = 0.006). A less significant positive 
relationship was found in the illiterate and semi-literate males (p = 0.04).
Table 3.3 The association between feeling irritated and food consumption in persons 
with different BMI, and of different age group, level of education, and 
occupation.
Question asked: Do you have the desire to eat food when you are irritated?
Sex and area Variable Significance *
Body Mass Index P Value
Males - ns
Females - ns
Urban - ns
Rural - ns
Age Group(yrs.)
Males 50 + + 0.006
Females - ns
Urban - ns
Rural - ns
Education
Males illiterate & Semi-literate + 0.04
Females - ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.4 shows that the effect of depression or discouragement was to increase food 
consumption, but only in, the illiterate and semi-literate males (p = 0.03).
Table 3.4 The association between being depressed or discouraged and food 
consumption in individuals of different BMI, age, education, and 
occupation.
Question asked: Do you have the desire to eat food when you are depressed or
discouraged?
Sex and area Variable Significance *
Body Mass Index P Value
Males - ns
Females - ns
Urban - ns
Rural - ns
Age Group (yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males Illiterate & Semi-literate + 0.03
Females - ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.5 shows that loneliness was associated with a desire for food in male subjects 
who had a BMI of < 20 ( p = 0.03). Subjects living in the rural area in the age group 
40-49 years showed a similar association ( p = 0.02 ).
Table 3.5 The association between feeling lonely and the desire to eat food.
Question asked: Do you have the desire to eat food when you are feeling lonely?
Sex and area Variable Significance *
Body Mass Index P Value
Males <20 + 0.03
Females - ns
Urban - ns
Rural - ns
Age Group(yrs.)
Males - ns
Females - ns
Urban - ns
Rural 40-49 + 0.02
Education
Males ns
Females ns
Urban ns
Rural ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.6 shows that quality of food was not associated with an increased desire to 
eat in any occupation group but a significantly increased desire was found in people 
living in urban and rural areas with a BMI of < 20 (p = 0.03 and 0.02 respectively).
Table 3.6 The association between food consumption and the desire to eat food when the 
food tastes good.
Question asked: Do you have the desire to eat food when the food taste good?
Sex and area Variable Significance *
Body Mass Index P Value
Males - ns
Females - ns
Urban <20 + 0.03
Rural <20 + 0.02
Age Group(yrs.)
Males - ns
Females - ns
Urban - ns
Rural 20-29 &50+ + 0.04
Education
Males - ns
Females Highly Educated + 0.02
Urban - ns
Rural Highly educated + 0.002
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
No consistent relationship appeared to exist in relation to the females’ education and 
their desire to eat food when it tastes good. The highest significance for this 
relationship was among highly educated women, where P = 0.02. Moreover, highly 
educated people living in the rural area were more likely to have the desire to eat if the 
food tasted good (P = 0.002), compared with those living in the urban area.
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It appeared that urban individuals who were in the lower body mass index category 
were more likely than those in other categories to eat if the food tasted good 
(p = 0.03). However, in the rural areas, there was no effect of body mass index, but 
individuals in the age range of 20-29 and 50+ were more likely than others to eat if 
the food tasted good (p = 0.04). The highly educated individuals in rural areas also 
seemed to have the desire to eat if the food tasted good (p = 0.002).
Table 3.7 shows that females who had a body mass index of < 20, and individuals 
with the same BMI level living in the rural area reported being stimulated to eat food 
when they saw others eating (p = 0.007 and 0.008 respectively). Neither age, 
education nor occupation had any effect on this relationship.
Table 3.7 The association between the desire to eat food when seeing others eating and 
food consumption.
Question asked: Do you have the desire to eat food when you see others eating?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females <20 + 0.007
Urban - ns
Rural <20 + 0.008
Age Group(yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.8 shows that the preparation of food was associated with an increased desire 
for food in the rural area only. This was amongst individuals over 50 years of age 
(p = 0.005) and in individuals with a BMI of less than 20 (p = 0.05).
Table 3.8 The relationship between the desire to eat self-prepared food and variables 
such as BMI, age group, education, and occupation.
Question asked: Do you have the desire to eat food when you are preparing it?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females - ns
Urban - ns
Rural <20 + 0.05
Age Group(yrs.)
Males - ns
Females - ns
Urban - ns
Rural 50 + + 0.005
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Answers to the question about the perception of obesity are shown in Table 3.9. 
Both men and women in both urban and rural areas with a BMI of 30 and over 
considered themselves obese (p = < 0.001). On the other hand, there appeared to be a 
misconception among women who had an ideal body weight (BMI 20-24.9), as they 
too perceived themselves as overweight or obese (p = < 0.0001). It also appeared from 
the results that the more money people in the rural area earned, the more likely they 
were to consider themselves overweight (p = 0.01). Male technicians were also more 
likely to consider themselves overweight than those in other occupations (p = 0.007).
Table 3.9 The relationship between a personal assessment of being overweight or obese 
and BMI, age group, education, and occupation.
Question asked: Do you consider yourself overweight or obese?
Sex and area Variable Significance *
Body Mass Index P value
Males >30 + < 0.0001
Females £30 + < 0.0001
Urban >30 + < 0.0001
Rural £30 + <0.001
Age Group(yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males Technicians + 0.007
Females - ns
Urban - ns
Rural - ns
Pay ( Salary )B.D
Males - ns
Females - ns
Urban - ns
Rural >500 + + 0.01
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.10 shows that male clerical workers were more likely than those in other 
occupations to reduce their food intake in response to weight gain (p = 0.003), and 
this was particularly true of those who lived in the rural area (p = 0.005). Generally, 
females with the highest BMI (> 30) and high earners (500-700 B.D) were most likely 
to reduce their food intake in response to weight gain (p = 0.002 and p = 0.02 
respectively).
Table 3.10 The relationship between reduction in food intake when feeling that weight 
has been gained and variables such as BMI, age group, education, and 
occupation.
Question asked: If you have put on weight, do you eat less than you normally do?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females >30 + 0.002
Urban - ns
Rural - ns
Age Group
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males Clerical + 0.003
Females - ns
Urban - ns
Rural Clerical + 0.005
Salary
Males - ns
Females > 500 B.D + 0.02
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.11 shows that both males and females who gained weight and those living in 
the urban as well as rural area were likely to put themselves on a diet. In both males 
and females this was particularly true in those whose BMI exceeded 30. Neither age 
nor education affected this likelihood. Amongst the occupations included in the 
survey, male technicians were more likely to diet (p = 0.01). Dieting was more likely 
in males living in the urban area with salaries above 500 B.D per month.
Table 3.11 The relationship between dieting when feeling that there has been weight 
gain and BMI, age group, education, and occupation.
Question asked: Do you go on a diet to reduce your food intake if you feel that you
have gained weight?
Sex and area Variable Significance *
Body Mass Index P  value
Males BM I >30 + 0.005
Females BM I >40 + 0.01
Urban BM I >40 + 0.008
Rural BM I >30 + 0.05
Age Group (Yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males Technicians + 0.01
Females - ns
Urban - ns
Rural - ns
Salary( B.D )
Males >500 + 0.04
Females - ns
Urban >500 + 0.005
Rural - ns
* Chi-square Analysis + Positive association ns = Non-significant
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In answer to the question about obese relatives (Table 3.12), the association was 
significantly positive only in the very obese subjects living in the urban area.
Table 3.12 The relationship between having a relative who is obese and BMI, age group, 
education, and occupation.
Question asked : Do you have any relatives who are obese?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females - ns
Urban BMI >40 + 0.02
Rural - ns
Age Group ( Yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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Younger (aged 20-29 yrs.) and older (aged 50 +) females reported that they had been 
overweight during the childhood period (p = 0.02)(Table 3.13). This was apparent for 
all individuals in the urban area (p = 0.03). Technicians in the rural area were more 
likely than those in other jobs to report having been overweight during childhood 
(p = 0.007). Neither the BMI of the adults nor their education appeared to be related 
to overweight or obesity in childhood.
Table 3.13 The association of overweight or obesity in childhood and BMI, age group, 
education and occupation.
Question asked : Were you overweight or obese during your childhood?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females - ns
Urban - ns
Rural - ns
Age Group (yrs.)
Males - ns
Females 20-29 & 50+ + 0.02
Urban 20-29 & 50+ + 0.03
Rural - ns
Education
Males - ns
Females - ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural Technicians + 0.007
* Chi-square Analysis. + Positive association ns = Non-significant
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Table 3.14 shows that the higher the BMI, the more likely females were to have 
gained weight after puberty (p = 0.004). This association was not seen in males, 
particularly in the urban areas. It was, however, highly significant at all levels in the 
rural area (p = 0.0003).
Table 3.14 The effect of gaining weight after the onset of puberty on BMI, age 
group, education and occupation.
Question asked : Did you gain weight after puberty?
Sex and area Variable Significance *
Body Mass Index P value
Males - ns
Females BMI >40 + 0.004
Urban - ns
Rural 25-29.9 &> 30 + 0.0003
Age Group (Yrs.)
Males - ns
Females - ns
Urban - ns
Rural - ns
Education
Males - ns
Females ns
Urban - ns
Rural - ns
Occupation
Males - ns
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
96
Table 3.15 shows that weight gain with increase in the BMI was strongly associated 
with pregnancy, in females living in the rural area. This effect was less marked but 
still just significant in those living in the urban area. This association was not limited 
to any particular age group and was unaffected by education or occupation
Table 3.15 The relationship between gaining weight after pregnancy and variables 
such as BMI, age group, education, and occupation.
Question asked : Did you gain weight after pregnancy?
Sex and area Variable Significance *
Body Mass Index P value
Females - ns
Urban 25-29.9 & 40+ + 0.05
Rural 25-29.9 + 0.0001
Age Group(Yrs.)
Females - ns
Urban - ns
Rural - ns
Education
Females ns
Urban - ns
Rural - ns
Occupation
Females - ns
Urban - ns
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
All the non-significant results are listed in Appendix 3.
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Table 3.16 The occurrence of various diseases in people of both sexes and in different 
areas and the relation of body mass index on them. Question asked: Are 
__________ you suffering from any of these conditions?
Diseases in relation to 
Sex and area
Body Mass Index Significance * 
P value
Hypertension
Males BM I >30 + 0.01
Females BM I >30 ns
Urban - ns
Rural BM I >30 + 0.0004
Cardiovascular Diseases
Males - ns
Females - ns
Urban - ns
Rural BM I >30 + 0.02
High Cholesterol level
Males BM I >30 + 0.007
Females - ns
Urban - ns
Rural - ns
Diabetes
Males - ns
Females BM I >30 + 0.001
Urban BM I >30 + 0.003
Rural - ns
Kidney stones
Males BM I >30 + 0.005
Females - ns
Urban - ns
Rural BMI >30 + 0.01
Arthritis
Males BMI >30 + 0.004
Females - ns
Urban - ns
Rural BM I > 30 + 0.009
Backache
Males BM I >30 + 0.004
Females BM I >30 + 0.05
Urban BM I >30 + 0.01
Rural - ns
* Chi-square Analysis. + Positive association ns = Non-significant
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A high BMI was positively associated with hypertension (P = 0.0004) in the rural area 
(Table 3.16). This association was more significant in males (p = 0.01) than in 
females (ns). In males, but not in females, there was a high correlation between an 
elevated BMI and a high serum cholesterol level (p = 0.007). However, the 
association between the BMI and cardiovascular disease was significant only in those 
with a BMI of 30-39 living in the rural area (p = 0.02). Diabetes mellitus was 
associated with an elevated BMI in females (p = 0.005) but not in males and those 
living in the urban (p = 0.003) but not in the rural area. Kidney stones were 
associated with an elevated BMI in males (p = 0.005) but not in females and in the 
rural (p = 0.01) but not in the urban area dwellers. Similar relationships were found 
between arthritis and BMI, and in both sexes between backache and BMI.
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3. 4- Discussion:
Arabian Gulf states (Saudi Arabia, Bahrain, Qatar, Kuwait, the UAE, and the 
Sultanate of Oman) have similar social, economic, and geographic characteristics, 
with common nutritional problems. The relatively recent improvement in the 
economic standard in these countries after the discovery of oil has led to increased 
food availability and excessive food consumption, coupled with decreased physical 
activity. On the other hand, the increasing exposure to western culture is expected to 
lead to internalization of western attitudes towards eating and body shape. This type 
of socio-economic change has led to an increase in the prevalence of diseases that are 
common in western nations such as obesity, diabetes mellitus, hypertension, and heart 
diseases.
It has been shown that the dietary intake of energy, fat, protein and carbohydrate of 
obese female Bahrainis was significantly higher than that of non-obese females 
(Zaghloul et al, 1984). In Saudi Arabia a higher energy consumption was observed in 
Saudi females than males (Khwaja & Al-Sibai, 1985., and Al-Shammari, 1994b). 
A similar finding was observed in Kuwait, where the availability and promotion of 
high carbohydrate snacks such as chocolate, sweets and biscuits as well as the high- 
energy content of traditional dishes also contributed to obesity (Kamel and Martinez, 
1984).
Among women in the Gulf countries, a sedentary life style and lack of opportunity for 
exercise combined with high intake of energy-rich foods may be the main reasons for 
obesity. The great majority of women (90-95 %) in the Gulf region were found to be 
unemployed, outside the home (Al-Jerdawy, 1986). Although no recent information 
regarding employment status of women in the Gulf has been found, several 
indications reflect that a large percentage of these women are still unemployed. 
Watching TV and eating snacks are the main activities during leisure time for women, 
especially as a high percentage of these women depend on foreign house-maids for 
home management. Amine (1990), reported that the prevalence of obesity among 
Kuwaiti mothers was significantly higher when maids were employed compared with
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mothers in homes where no maids were employed. These maids also had a large 
influence on the type of food eaten in the home.
In the present study, young highly educated females residing in the urban area of 
Bahrain were found to be the most likely individuals to indulge in afternoon snacking. 
This observation agrees with the previously reported finding that women, and 
particularly those able to employ maids, were most likely to consume snacks of 
energy-rich foods. Presumably these women have more leisure than those who are 
well educated and less affluent. It is of interest that young males did not readily 
consume afternoon snacks. It could be that they have less leisure time and this would 
seem to follow from the fact that in Muslim countries there is considerable male 
domination, with respect to employment opportunities.
The kind of food consumed as a snack may differ in different countries and at 
different ages. Thus, in the USA, a study by Cross et al (1994) involving men, women 
and children found that fruits, chips, cookies and candies were the overall afternoon 
snack food favorites. Grouped together, salty/crunchy foods were favored by all 
groups except students who ranked sweets, especially candy, as their afternoon 
favorite. Seniors and k-6 children preferred fruits over any one salty or crunchy food. 
It is not clear whether this preference could have been the result of health education. 
It was reported that 80 % of the participants in all age groups stated that taste was the 
most important quality influencing their choice. In the present study, the quality of 
the food also seemed to play a role in the consumption of snacks in highly educated 
females. However, the present finding of a significant association between food 
quality and a desire to eat food in those whose BMI was less than 20 and who were 
thus “lean” if not malnourished seems somewhat surprising. It is of interest though, 
in this connection, that some female patients with bulimia nervosa, a condition in 
which there is alternate gorging and fasting, may experience elevated pleasant 
responses to a sweet taste (Franko et al, 1994).
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The effect of socialization on food consumption in the present study seemed to be 
more significant in females than in males. Females with a lower BMI especially had a 
greater desire to consume food when they socialized with others. Castro (1994) 
reported that family and friends produce a better social environment for food intake 
than other companions. The results suggest that the presence of other people at a meal 
increased food intake by extending the time spent at the meal, probably as a result of 
social interaction, and that family and friends have an even larger effect, probably by 
producing relaxation and consequent decrease of restraint on food intake. Social 
facilitation of eating among friends and strangers has been studied by Clendenen et al 
(1994). It seemed that the mere presence of others was more important in enhancing 
intake than the specific number of people present. Furthermore, subjects eating with 
friends ate more than subjects eating with strangers. It appeared that overweight 
Bahraini females are more conscious about their food intake when they socialize but, 
this was not true of those females with a BMI < 20. In a Hungarian population it was 
suggested that one of the reasons for obesity was excess energy intake at weekends 
over a number of years or decades. The estimated energy intake of adults was 300 
kcal higher on Sundays than on weekdays (First Hungarian Representative Nutrition 
Survey 1991)(Pfaff and Biro, 1993).
Life events may be associated with an increase in body weight for both men and 
women, but in women this gain may be suppressed by following a slimming regimen 
for periods of time. Slimming, for cosmetic reasons, as so many women (and men) in 
western societies practice, can easily lead to extra weight gain after the slimming 
period because of decreased metabolism. Thus, slimming and health conscious 
behaviour have been reported to be correlated with the prevalence of overweight 
(Deurenberg and Hautvast, 1989).
In the present study, although the relationship between emotions and the desire to eat 
more was not significant in most cases, it appeared that poorly educated men living in 
rural areas were least affected by life events and they did not have the desire to eat 
more when they were irritated, depressed or discouraged. No effect of this kind was
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found in Bahraini females. Cardilli et al (1993) indicated that women who suffered 
from low self-esteem subsequently had feelings of inadequacy, revealed in their oral 
traits, indicative of hyperphagia as a response to a feeling of frustration and 
dissatisfaction with evidence of anxiety and depression. Such feelings seem unlikely 
to be found in Bahraini women due to the social place of women. Furthermore, it 
seems the way women are cared for in a Muslim society decreases feelings of anxiety 
and depression.
Body shape, perception and “dieting” have been studied by many researchers. 
In British Asian girls, the desire for thinness was present even though the Asian girls 
had a significantly lower body weight than would be expected normal (Hill and Bttati, 
1995). In addition, an association was found in the Asian sample between reported 
dieting and the cultural orientation of the family. Another study in the U.K on self 
perception and body shape satisfaction of nine year old girls and boys in different 
weight categories, indicated that the heaviest children expressed the most discontent, 
having a low self-esteem, and a desire for thinness. Associated dieting motivation 
was apparent in some children in all weight categories (Hill et al, 1994). Furthermore, 
this pattern was more characteristic of girls than boys. Another study in the USA 
concluded that obese Afro-American woman with a BMI greater than 30 perceived 
themselves to be very heavy, wanted to be rather thin, and believed that men find thin 
women more attractive than obese women (Allison et al, 1995).
In Gulf countries, increasing exposure to western culture has been associated with a 
shift in the media presentation of the ideal thin female body shape (Al-Shammari 
1994a). This is a new view about body shape, particularly in females, since it was 
customarily believed that being overweight was a sign of good health and beauty and 
an important factor for a man in selecting his partner (Al-shammari et al, 1994 b). 
This may be supported by the results obtained in another study in which 30 % of 
an overweight group (BMI > 25 Kg m ) did not perceive themselves as overweight 
while 12.4 % of those with an ideal body weight (BMI < 25 Kg m2) thought they were 
overweight (Al-Shammari et al, 1994 b). Musaiger (1987) reported that most men in
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the Gulf region like obese women. This encourages the wife to keep her fatness just 
to satisfy her husband’s desire. Such an attitude had been found to be more prevalent 
among illiterate Kuwaiti husbands (Al-Awadi and Amine, 1989). However, there are 
some indications that the younger generation of men appreciate slimness more than 
middle-aged and older men (Musaiger, 1990).
In the present study, both Bahraini males and females with a high BMI perceived 
themselves as overweight. Even females within the ideal body weight group perceived 
themselves as overweight. Both sexes said they reduced their food intake if they 
gained weight. The reason for this apparently self-imposed change was not 
investigated. It would be interesting to know if it was done for cosmetic reasons or 
whether it was in response to public health measures.
A woman lays down body fat during pregnancy, and this is mobilized to a large extent 
to meet the demands of lactation. If babies are not breast fed, if they are not breast-fed 
for a sufficient time, or if pregnancies occur frequently the body fat laid down during 
pregnancy may not be lost. This factor of multiple pregnancies contributes to the 
development of obesity in the Gulf countries (Musaiger, 1987a). In the present study, 
there was a positive relationship between high BMI and the reporting of weight gain 
during pregnancy and after giving birth, although this type of association gathered 
from a questionnaire is subjective in nature.
Factors influencing body weight differ in different societies. In the Netherlands, 
the BMI was found to be highest in the lower socioeconomic class (as defined by 
education) and increased with age. There is a gradual increase in BMI with age in men 
and women in all classes, but also with other factors such as parity (women with 2 or 
more children) and urbanization (high BMI in rural areas). Other life-style factors 
such as behaviour characterized by consumption of coffee and alcohol, smoking and 
number of hours slept per night (CASS behaviour), slimming behaviour, physical 
activity, and a general health consciousness all have been found to have an impact on 
body weight (Deurenberg and Hautvast, 1989).
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In northern Italy (Tavani et al.1994), it was concluded that socio-economic 
behavioural factors influenced BMI particularly in women, while the habitual diet 
appeared to have little influence. The mean BMI increased with age until 35-44 years, 
in men and 45-54 years, in women. In both sexes, the BMI was inversely associated 
with education and social class. Smokers tended to be leaner than non-smokers, but no 
consistent trend was observed with increasing numbers of cigarettes. The BMI was 
not significantly associated with coffee, decaffeinated coffee, tea, bread, and vegetable 
or fruit consumption. No relation was observed between total estimated energy intake 
and BMI. In women, BMI was positively associated with marriage and the number of 
children, i.e. married women with large families had a higher BMI compared with 
their unmarried counterparts.
Lack of physical activity is considered one of the most common of the factors 
associated with weight gain accepted by different authorities in different countries as 
contributing to the development of obesity. Groot et al. (1995) found that weight- 
adjusted indices of physical activity correlated negatively with percent body fat, 
reinforcing the hypothesis that obesity occurs with a lower level of physical activity. 
In this study, backache was found to be associated with an elevated BMI in both 
sexes. Vawter and Patzel (1992) indicated that overweight adult females may have 
negative self-concepts and body images, compounded by a chronic low back pain.
3.5- Conclusion:
It is concluded from this study that to some extent, there was an increased awareness 
of the problem of obesity in Bahrain, since a large percentage of both males and 
females with high BMI perceived themselves as overweight and either reduced their 
food intake or went on a diet in response to weight gain. Females who commanded a 
high salary were most likely to reduce their food intake in response to weight gain. 
This awareness appeared to be reflected in their eating behaviour and habits, since 
females from a high BMI group were not affected by socialization and so their desire 
to eat at different social events remained to be little. Females living in the urban area 
seemed to be careful about gaining weight after pregnancy and it seemed that only
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rural females were more likely to gain weight after pregnancy and delivery. Life 
events seemed to affect the illiterate and semi-literate males to a lesser extent so that 
they did not lose their desire to eat when depressed or discouraged. Females seemed 
to be the least affected by life events. This might indicate that the high prevalence of 
overweight and obesity in female Bahrainis was due mainly to factors other than 
psychological conditions. It might reflect the availability of food and the consumption 
of snacks coupled with diminished exercise. The higher the BMI, the more likely that 
both males and, to a lesser extent, females will suffer from some health conditions 
associated with their increased weight such as hypertension, arthritis, a high serum 
cholesterol level, kidney stones and backache. In the current study this association 
was found more in males than in females. In females it appeared that hypertension, 
diabetes mellitus, and backache were more prevalent than in males. In this study it 
was also observed that obesity may have resulted from a genetic influence, as the 
overweight and obese individuals were more likely than others to have relatives who 
were obese. This fact led us to investigate the relationship between obesity in children 
and obese parents, and to what extent obesity is inherited, as will be discussed in 
detail in the family study in Chapter 4.
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Chapter 4 
“ The Family Study 99
4.1- Introduction:
It seems to be well established that in western developed societies there are strong 
genetic and parental influences on the development of obesity. Previous work in this 
study (Chapter 3) showed that 31 % of an urban random sample of females were 
obese, that is they had a BMI between 30 and 40+ (Al-Mannai et al., 1996). Much of 
the work on the etiology of obesity has concentrated on the effect of life style 
particularly on the composition of the diet and the lack of exercise. The present 
chapter describes an investigation that was designed to focus on the effect of parental 
obesity on the development of obesity in their children.
Overweight and obesity are complex multifactorial phenotypes influenced by both 
genetic and nongenetic determinants. Experimental overfeeding with identical twins 
demonstrates that there are inherited differences in body weight and body 
composition response (Bouchard, 1990). The evidence for the role of both inherited 
factors and lifestyle differences in the development and maintenance of overweight 
and obesity is abundant and generally strong. Genetic factors have been viewed as an 
extremely important cause of obesity despite the strong evidence of the role of 
behavioral and lifestyle factors. Evidence of a genetic contribution to the development 
and maintenance of obesity has come from a variety of twin and family studies of 
phenotypes related to obesity (Brook,1975; Price, 1987; Bray and Gray, 1988; Bray, 
1989; Bouchard, 1990; and Selby et al.,1990).
Mayer (cited by Guthrie, 1983) showed that if both parents were obese, the chance 
was 80 % that their children would be obese. If one parent was obese the chance was 
only 50 %, and if neither parent was obese, the chance was only 10 % that the 
children would be obese.
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The first strong evidence of genetic influence on human obesity was obtained from an 
adoption study in Denmark which showed a high correlation of the body mass index 
of adoptees with that of their biological parents, and no correlation with that of their 
adoptive parents (Stunkard,1991). The body mass index of the adoptees was also 
highly correlated with that of their siblings and showed evidence of recessive 
transmission. The best estimate of heritability is the correlation coefficient of 
identical twin pairs reared apart. A study of such twins also found high levels of 
heritability. A strong influence of the environment on the body mass index of obese 
persons was revealed by a bivariate analysis of identical twin pairs at ages 20 and 45 
years. Intrapair correlations were high among the twins of normal weight and low 
among those who were overweight (Sorenson and Stunkard, 1993). Stunkard et al 
(1991), compared BMI among identical and non-identical twins and estimated 
heritability of body weight to be between 50 and 80%.
Adults who had been adopted before the age of one, despite being raised by different 
adoptive parents, had body weights that were similar to those of their birth parents 
(Nieman et al, 1992).
Many studies seem to indicate that there is a link between excessive fatness in early 
childhood and obesity in later life (Rolland-Cachera et al., 1990; Serdula et al., 1993). 
However, the evidence for this theory is controversial and is not as clear cut as 
previously believed (Jelliffe, 1989). Most obese adults are of normal weight until 
their late 20’s or early 30’s, when they gain weight slightly. They continue to gain 
weight slowly into their 50’s or early 60’s (Eschleman, 1984). It can be concluded 
that an important genetic component interacts with environmental agents, primarily 
diet and level of physical activity to produce obesity in susceptible people (Bray, 
1989; Bray 1990). These people have to be unusually careful about their dietary and 
exercise habits to counteract the inherited tendencies (Nieman et al., 1992).
The connecting links between excessive fatness in early childhood and obesity in later 
life, with all the known increased associated health hazards, may include early
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habituation to a large appetite, the general family dietary pattern and an abnormal 
increase in the size and (possibly) numbers of fat cells in obese infants 
(Eschleman,1984; Jelliffe 1989).
Both family environment and individual characteristics have been shown to relate 
with children’s weight status (Alexander et al., 1991). A case-control study of Texas 
school children ages 8-10 was examined to ascertain the association between 
exposure to high-fat foods and low levels of exercise, and obesity. A 100% greater 
prevalence of childhood obesity amongst this group of children was found relative to 
national normal standards established from 1976-1980. Neither high-fat food intake 
nor reported level of physical activity were independent risk factors for this condition. 
However, they may exert a synergistic effect when both are present in the same child. 
Development of more sophisticated population-based instruments will enable larger 
studies to investigate risk factors for childhood obesity (Muecke et al., 1992).
Childhood obesity is associated with host factors that enhance susceptibility and 
environmental factors that increase food intake and decrease energy expenditure. 
Obese children underreport food intake and probably consume more food to maintain 
their weight at increased levels. Prevalence of obesity is related to family variables, 
including parental obesity, family size and age, and socioeconomic status. Television 
viewing is strongly associated with the prevalence of obesity through its impact on 
food intake and activity. How these environmental variables are behaviorally 
interrelated with the genesis of obesity is unclear (Dietz, 1991).
Several methods have been used in the assessment of obesity in children. It seems that 
the most widely accepted criterion for obesity is a BMI > 85th percentile for age and 
gender (Nancy and Obarzanek 1994; Wolfe et al, 1994). Epstein et al. (1978; 1980) 
define obesity in children as > 20 or 25 % above ideal body weight in two studies 
respectively, but in neither study did the authors indicate how ideal body weight was 
determined. Whereas some researchers used the 75th percentile (Patterson et al, 1986; 
Rolland-Cachera et al., 1987), others have adopted the BMI > 90th or the 95th
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percentile to indicate overweight and obesity. Other indices of obesity include triceps 
skinfold thickness > 85th or 90th or 95th percentile norms (Abraham and Nordsieck, 
1960; Epstein et al., 1986; Romanella et al., 1990; Must et al., 1991; Gortmaker 
1993; Lissan and Sorenson 1993; Moussa et al 1994; Wolfe 1994); and weight for 
height > 120 % (Maffeis et al., 1993; Mo-sawan et al., 1993). In other studies a 
weight for height > 2 S.D, was also used (Gurney and Gostein, 1988; Stordy, 1988; 
Locard et al., 1992; Ray et al., 1994). Some used fat arm area (Frisancho, 1981 and 
Wolfe et al., 1994). Gam and Clark (1975) indicated that body composition varies 
greatly across race, ethnic, and sex groups, so that no one standard of excessive body 
fat is likely to be adequate for all groups. Drabman et al (1985), recommended the use 
of a combination of three techniques for making an initial diagnosis of obesity in 
children, including weight/height for sex published by the National Health and 
Nutrition Examination Survey (NCHS). They recommended measuring triceps fat­
fold and comparing this with percentile standards derived from normative data, with 
the 85th percentile recommended for defining obesity in children. They also 
recommend the use of “ eyeball techniques ”, i.e. visual evaluation of a subject’s 
weight in initial diagnosis. Finally, some researchers use the Z-score method, in 
which a Z-score greater than 2 is considered as obese (Souissi et al., 1993)
Previous work done by researchers in Bahrain studied the factors related to obesity in 
adults. However, none of these studies put an emphasis on the role of genetics on 
obesity. In this study the aim was to concentrate on childhood obesity especially 
children having one or both parents who were obese, i.e. having a BMI of 30 
or above.
4.2- Aim o f  the Study:
This study was undertaken to seek evidence for a relationship between childhood 
obesity among Bahraini children with overweight, or obesity in one or both parents. 
The study was aimed at finding out whether the food intake of children is 
influenced by their parent’s obesity. Anthropometric and demographic characteristics 
of the children and their parents were measured. Infant feeding practices and
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weaning time were recorded to investigate whether these influence the weight of the 
child and its total energy intake.
4.3- Methods and Procedure:
This family study was mainly carried out in health centres with the exception of 
a few cases in which the information and measurements were taken at the subject’s 
own homes. After approval by the Research Committee of the Ministry of Health, the 
study was conducted in two health centres in the urban area of Muharraq: Muharraq 
Health Centre, and Shaikh Salman Health Centre, serving approximately 36,648 
people (Health Statistics Report. 1995). The information was collected between 
January 1993 and January 1994.
Sixty-two families were recruited randomly to participate when they came to the 
health centre for vaccination of their children at the Maternity-Child Unit. Some of 
the mothers who were overweight or obese were referred for vaccination from their 
family doctors at the Health Centre after finishing the routine checkup tests for their 
children. Other mothers were chosen directly from the Maternity Unit without being 
referred by their family doctors. At each visit, the parents were interviewed and their 
anthropometric measurements and those of their children were taken. The fathers and 
the mothers were all aged between 20 and 45 years. Each family contained one to four 
children who were biologically related to both parents. The children’s age was 
restricted to 2 to 12 years, because above that age puberty changes might affect their 
weight. Women who from their visual appearance seemed to be overweight or obese 
were recruited first (Drabman et al., 1985). They were informed about the type of 
research and the kind of measurements to be taken on themselves and their children. 
The families were divided retrospectively into three groups according to the BMI of 
the mother: an average body weight group, with a BMI of 20-25; an overweight 
group, with a BMI of 25-29.9; and an obese group, with a BMI of 30-40 +. None of 
the mothers was grossly obese. Pregnant women and parents who refused to 
cooperate or to have their anthropometric measurements taken or who were unwilling 
to complete their children’s diet diaries, were excluded. More than 130 families were
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approached to participate in the study. Of these, 90 families agreed to participate, and 
all the measurements were completed on 62 families.
Parents were asked to complete the same questionnaire as that used in the previous 
study (Chapters 2 and 3) (See Appendix 2). The questionnaire included 
anthropometric and demographic information. A total of 106 children were involved 
in this study. For each child a 3-page form was used for recording the data for the 
children, their dietary record and their infant feeding practices, including duration of 
breast or bottle feeding and weaning age (See Appendix 3, page 204).
The data for the 3 day dietary recall, which included all consumed food and drinks, 
was entered into a nutritional program called AAA, Version 2.4. With this program it 
was possible to calculate the energy intakes of the children. This program was used in 
collaboration with the Nutrition Department at King Faisal Specialist Hospital and 
Research Centre, in Riyadh, Saudi Arabia. Descriptive information on food intake 
quantities was converted to weights and these food data were converted into nutrient 
data. From these data, it was possible to determine the total energy intake of these 
children and to calculate the percentage of RDA.
4.4- Measurements:
4.4.1- Anthropometric Measurements:
All the anthropometric measurements on the parents and their children were taken as 
previously described in Chapter 2. The measurements included weight, height, waist, 
hip, and four skinfold measurements (triceps, biceps, subscapular, and suprailiac). 
The analysis for children did not distinguish by gender (i.e. boys versus girls).
Obesity in adults was assessed by using Garrow’s BMI classifications (Garrow, 
1981), while in children obesity was assessed by using the BMI, triceps and 
subscapular measurement percentile charts of Frisancho (1993). The children’s BMI 
absolute values were used only for calculating correlation coefficients and for 
regression analysis tests.
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4.4.2- Weaning Age:
Weaning age was defined as the time (weeks) at which food other than the mother’s 
milk supply formed an increasing proportion of the child’s nutritional requirements 
and finally replaced the milk altogether (Lankarani and Musaiger, 19B5).
4.4.3- Recommended Daily Allowances (RDA) fo r Energy Needs:
The US Recommended Daily Allowances (US RDA) standards developed in the 
nutrition labelling of food products were used in this study. Because nutient needs 
vary among individuals, the US RDA are set high enough to cover the needs of nearly 
everyone. They were set up in 1974 by the U.S Food and Drug Administration 
(FDA) (Wardlaw et al., 1992). A computer software nutritional program called AAA 
was used to convert the food data collected for children into nutrient data and 
consequently determine the energy intakes of these children.
4.4.4- Socioeconomic Status (SES):
SES was assessed in this study by parental education, and occupation and family 
income, using the standards described in Chapter 2.
4.4.5- Calculation o f upper arm muscle andfat areas fo r children:
Calculation of upper arm muscle and fat area was based on measurements of the 
upper arm circumference and triceps skinfolds. The technique assumes that the upper 
arm and its constituents are cylindrical (Frisancho, 1993).
Letting C equal the circumference of the upper arm, then:
Total Upper Arm Area (TUA) = C2/ ( 4 X F I )
Similarly, letting Ts equal the triceps skinfold thickness, then:
Upper Arm Muscle Area (UMA) = [ C - ( T s X n ) ] 2/ ( 4 X n )
The upper arm fat area is calculated by subtraction:
Upper Arm Fat Area (UFA) = Total Upper Arm Area (TUA) - Upper Arm Muscle 
Area (UMA).
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The arm fat index ( or percentage of fat in the upper arm ) is derived by this equation: 
Arm Fat Index (AFI) (% fat area) = (UFA / TUA) X 100.
4.4.6- Anthropometric Classification based on Z-score and Evaluation o f Growth 
and Nutritional Status:
The formula for calculating the Z-score is :
Z-score = ( Standard’s mean value - value of subject) / standard deviation of standard.
Based on this information the anthropometric standards can be classified into five 
statistical categories whose upper limit of normality is the 95th percentile. The 
corresponding five statistical anthropometric categories are shown in Table 4.1. 
Similarly, the evaluation of growth and nutritional status as described by Frisancho 
(1993) is also given in table 4.1.
Table 4.1 Anthropometric classification for the evaluation of growth and 
nutritional status by Z-score.
Category Centile Z-Score Height Weight Arm
Circumference
Category I 0.0 to 5.0 Z<-1.650 Short Low Weight Low Muscle; 
Wasted
Category II 5.1 to 15.0 -1.645<Z<-1.040 Below Average Below Average Below Average
Category III 15.1 to 85.0 -1.036<Z< +1.030 Average Average Average
Category IV 85.1 to 95.0 +1.036< Z<+1.640 Above Average Above Average Above Average
Category V 95.1 to 100 Z> + 1.645 Tall Heavy Weight High Muscle 
Good Nutrition
Z score = (standard mean value - value of subjects)/standard deviation of standard).
Growth Status defined with reference to sex-specific standards of height.
Weight Status defined with reference to sex=specific standards of weight by age and or by frame size. 
Muscle Status defined with reference to sex=specific standards of mid arm muscle area by age and or by 
frame size (Frisancho,1993).
The children’s height was classified as either short, below average, average, above 
average, or tall. Measurements of upper arm muscle area provide information about 
the components of variability in body weight. Thus, a child whose muscle area by 
height falls into category I can be classified as wasted, while another whose muscle 
area by height falls into Category IV or V certainly indicates good nutritional status, 
which is also reflected in high stature by age and adequate muscle area by age. On the 
other hand, if an individual falls into Category I, IV, or V of weight status all that
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can be inferred is that he or she is underweight or overweight, but the components of 
such variability cannot be determined. However, if the underweight or overweight 
individual also falls into Category I, IV, or V of upper arm muscle area, this can 
indicate an actual risk of undemutrition or reflect a good nutritional status (Frisancho, 
1993).
4.4.7- Classification o f the Evaluation o f Fat Status:
Using the 85th percentile of skinfold thickness as the upper limit as shown below, the 
data on fatness can be classified into five categories:
Category I = Below 5th percentile or Z-score 1 < -1.650.
Category II = 5.1 to 15th percentile or Z-score between -1.645 and -1.040.
Category III = 15.1 to 75th percentile or Z-score between -1.036 and +1.030.
Category IV = 75.1 to 85th percentile or Z-score between + 0.675 and +1.030. 
Category V =85.1 to 100th percentile or Z-score > +1.036.
These five categories are applied to measurements of the sum of skinfold thicknesses 
(triceps and subscapular), arm fat index, and percent fat weight. The use of these three 
measurements increases the diagnostic efficiency of determining with certainty the fat 
status of an examinee. For example, when using all three measurements if an 
individual falls into Category V on all three measurements, one can conclude that the 
subject has excessive fat and is at risk of obesity. Conversely, if an individual falls 
into Category I and if his muscle size is adequate, one can ascertain that the 
individual’s low weight is attributed to his leanness (Frisancho, 1993).
4.4.8- Percentile Tables:
Data of this study are presented in the form of means, standard deviations, and 
percentile ranges. The 5th, 10th, 15th, 25th, 75th, 85th, 90th, and 95th percentiles are 
included. The following percentile tables have been used in this study for males and 
females of 1 to 74 years of age percentile of BMI by age; percentiles of stature (cm) 
by age, percentiles of weight (kg) by age; percentiles of weight (kg) by height (cm);
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percentiles of triceps skinfold thickness (mm) by age; percentiles of subscapular 
skinfold thickness (mm) by age; percentiles of sum of skinfold thicknesses (mm) by 
age (Frisancho, 1993).
4.4.9-Percentiles Graphs:
Graphs have been designed so as to permit a rapid visual evaluation of growth, body 
size, and nutritional and fat status, for boys ranging in age from 1 to 11 years and 
girls, respectively. The following anthropometric percentile graphs have been used in 
our study: percentiles of stature in cm by age for boys; percentiles of stature in cm by 
age for girls; percentiles of weight in kg by age for boys; percentiles of weight in kg 
by age for girls; percentiles of weight in kg by height in cm for boys; percentiles of 
weight in kg by height in cm for girls; percentiles of sum of triceps and subscapular 
skinfold thickness (mm) by age for boys; percentiles of sum of triceps and 
subscapular skinfold thickness (mm) by age for girls; percentiles of subscapular 
skinfold thickness (mm) by age for girls; percentiles of sum of skinfold thickness 
(mm) by age for males and females of 1 to 74 years of age (Frisanchio, 1993).
4.5- Data Analysis:
The data were statistically analyzed on an IBM computer at the University of Surrey 
Biochemistry Department; at the Computer Department of the Arabian Gulf 
University and at the College of Health Sciences in Bahrain by using several 
programs such as Data-base IV program, Excel, and the SPSS statistical package. The 
statistical analysis in this study were performed by using chi-squared tests, correlation 
coefficients, one-way analysis of variance, and t-test using the standard deviation 
derived from the analysis of variance (ANOVA) as well as the stepwise linear 
regression analysis.
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4.6- Results:
4.6.1- Number of Participants in the Study 1
Each of the families participating in the study consisted of 2 parents and their 
children. Of the 62 mothers, grouped according to their BMI values, 20 were obese, 
20 were overweight whilst 22 were in the average weight group (Table 4.2). 
Together, these mothers had 106 children, 51 girls and 55 boys. The 20 obese mothers 
had 39 children (21 girls and 18 boys), while the 20 overweight mothers had 33 
children (13 girls and 20 boys), and the 22 average mothers had 34 children (17 boys 
and 17 girls) (Table 4.2).
Table 4.2 The number and gender of children in each of the maternal groups 
(average, overweight, and obese).
Children 
groups-»
Girls Boys Total Parents
Mothers groups^ # % # % # % # %
Average 17 33.3 17 30.9 34 32.1 22 35.5
Overweight 13 25.5 20 36.4 33 31.1 20 32.2
Obese Group 21 41.2 18 32.7 39 36.7 20 32.2
Total 51 100 55 100 106 100 62 100
4.6.2- Anthropometric Measurements:
The average age for the children was 5.6 years, for the mothers 30.6 years and for the 
fathers 35.3 years. The mean weight of the children in the study was 20.6 kg, while 
that of the mothers was 71.1 kg and of the fathers 78.1 kg. The mean height of the 
children was 1.11 m and for the mothers and fathers was 1.57 m and 1.69 m 
respectively. The mean children’s BMI was 15.95, while that of the mothers was 28.8 
and that of the fathers 26.6.
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Table 4.3 Mean, standard deviation and the ranges of anthropometric variables 
for the parents and their children.
Variable Mothers 
(n = 62 )
Fathers 
(n = 62)
Children 
( n —106 )
Age (Years) 30.6 ± 4.4 
( 2 1 - 4 0 )
35.3 ± 4.9 
( 2 6 - 5 1 )
5.62 ± 2.8 
( 2 - 1 2 )
Weight (Kg) 71.1 ± 14.5 
( 5 1 - 1 1 0 )
78.1 ± 17.5 
(45 -161 .5 )
20.6 ± 9.9 
( 1 0 - 5 5 )
Height (m) 1.57 ± 4.9 
(1 .44-1.66)
1.69 ± 14.6 
(1.17 - 1.87)
1.11 ± 0.2 
(0 .8 - 1 . 6 )
BMI 28.8 ±5.97 
(2 0 .2 -4 5 )
26.6 ±5.5 
(13 .6 -39 .9)
15.95 ±2.4  
(10 .2 -23 .8)
Biceps (mm) 11.2 ±4.2 
( 4.5 - 22 )
11.0 ± 6.2
( 3 - 3 1 )
6.8 ±3.9  
( 3 . 2 - 2 4 )
Triceps (mm) 26.6 ± 6.2 
(1 3 .5 -3 8 )
13.2 ± 6.9 
( 3 - 3 0 )
9.9 ± 3.7 
( 3 . 6 - 2 8 )
Subscapular (mm) 28.5 ± 8.3 
( 9 - 4 4 )
18.9 ±8.9 
( 2 - 4 0 )
7.21 ±3.25  
( 3 . 5 - 2 4 )
Suprailiac (mm) 22.4 ± 6.9 
( 8 - 3 8 )
17.6 ± 7.2 
( 6 - 3 4 )
7.0 ±6.1 
( 2 . 2 - 3 4 )
Triceps Subscapular Ratio 
(Tri-Sub Ratio)
1.0 ± 0.3 
( 0 . 5 - 2 )
0.8 ± 0.8 
(0 .3 -5 .7 )
1.4 ± 0.4 
( 0.7 - 3.4 )
Subscapular Triceps Ratio 
(SSTR Ratio)
1.1 ±0.3  
(0 .5 -2 .1 )
1.7 ±0.8  
( 0 .2 -3 .4 )
0.8 ± 0.23 
(0 .3 - 1 . 6 )
Waist (cm) 85.4 ± 14.8 
( 6 5 - 1 5 7 )
71.8 ±29.7 
( 2 9 - 1 2 4 )
46.5 ± 11.6 
( 1 8 .5 - 7 0 )
Hip (cm) 103.9 ±12.9 
(79 -134 .5 )
74.7 ±30.7 
( 2 3 - 1 2 2 )
51.3 ± 13.3 
(2 1 .5 - 8 3 )
Waist Hip Ratio 
(WHR)
0.82 ± 0.13 
(0 .68-1.64)
0.97 ±0.08 
(0 .63-1 .26)
0.91 ± 0.07 
(0 .8 -1 .1 3 )
Mid-arm
Circumference (cm)
32.2 ±4.8  
( 2 5 - 4 5 )
23.6 ± 10.6 
( 8 . 5 - 4 3 )
16.1 ± 4.6 
( 5.5 - 32 )
The mean biceps skinfold measurement for children was 6.8 mm, while for mothers it 
was 11.2 mm and for fathers it was 11.0 mm. The mean triceps skinfold thickness for 
the children was 9.9 mm, while for the mothers it was 26.6 mm and for the fathers 
13.2 mm. Subscapular skinfold measurements showed that the mean value for 
children was 7.2 mm, for the mothers 28.5 mm and for the fathers 18.9 mm. 
Suprailiac skinfold measurements showed that the mean value for children was 7.0 
mm, for the mothers 22.4 mm, and for the fathers 17.6 mm. The mean Tri-Sub ratio
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for children was 1.4, for mothers it was 1.0 and for fathers it was 0.8. The SSTR ratio 
for children was 0.8, for mothers 1.1 and for fathers 1.7 (Table 4.3)
The mean waist measurements for children, mothers and fathers were 46.5, 85.4 and 
71.8 cm, respectively. The mean hip measurements for children, mothers, and fathers 
were 51.3, 103.9 and 74.7 cm, respectively. On the other hand, the mean WHR for 
children, mothers and fathers were 0.91, 0.82, and 0.97, respectively (Table 4.3). The 
children’s mean mid-arm circumference was 16.1 cm, for the mothers it was 32.2 cm, 
and for the fathers it was 23.6 cm (Table 4.3).
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Table 4.4 shows that there were no significant differences between the average age of 
the mothers in each of the three groups. The same was true for the father’s average 
age and the children’s average age in each group. A similar pattern was observed for 
the height of the mothers in each group, where the average heights of the mothers in 
the average weight, overweight and obese groups were 1.56 m, 1.58 m, and 1.56 m 
respectively. The fathers’ height showed a small difference between the three groups 
with the average height of the fathers being 1.68 m, 1.67 m, and 1.71 m respectively. 
The average heights of the children, however, were similar in the children of 
overweight mothers (1.11m), and in those of obese mothers (1.12 m), and slightly 
lower in the average group (1.08 m) but not significantly so. The average weight of 
the mothers increased as the mother was classified as being average weight, 
overweight, or obese and the values were 56.1 kg, 68.7 kg and 86.4 kg respectively. 
This increase is highly significant (see Table 4.4). The fathers’ weight also showed a 
steady increase, where the mean weights were 75.5 kg, 79.6 kg, and 80.7 kg 
respectively. There was a steady increase in maternal BMI which is expected because 
this is the basis for our classification of the different groups. The mean BMI of the 
mothers in the average weight, overweight, and obese group were 22.8, 27.6, and 35.4 
respectively. For the fathers’ BMI, however, there was no significant difference in 
the mean values of the BMI in each group, but in each group the range was wide and 
some fathers would be classified as underweight or obese in each group. When the 
BMIs of the children of mothers in different weight groups were looked at, there was 
no significant difference in the mean BMI of the children, since the values were 15.6, 
16.1, and 16.1 respectively. Ranges were similar in each group although it was 
noticeable that there were children of lower BMI who could be described as 
malnourished in each group, i.e. malnourished status existed in the children even if 
the mothers were classified as overweight or obese (Table 4.4).
There was a gradual increase in mean value for the triceps skinfold thickness of 
mothers from average weight, to overweight to obese mothers; it was 21.7 mm, 26.6 
mm and 31.0 mm respectively. The mean value of the fathers’ triceps skinfold 
decreased from average weight, to overweight and obese groups with values of 14.6
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mm, 13.9 mm and 11.3 mm, respectively. Children’s mean triceps skinfold values 
showed a small increase in each group, i.e. 9.3, 9.9 and 10.4 mm for the average 
weight, overweight and obese mothers, respectively. Mean values for the biceps 
skinfold thickness indicated that in the mothers there was a gradual increase through 
the three groups, whereas, the fathers’ biceps skinfold measurement showed no 
significant difference in the mean values. Similarly, in children there was no 
significant difference in the mean biceps skinfold thickness values but the range was 
wider for the children of overweight and obese mothers than for those of average 
mothers. The subscapular skinfold measurement showed that in the mothers there 
was an apparent increase in the mean values of the 3 groups, i.e. 20.1 mm, 30.8 mm 
and 33.8 mm, respectively, as well as in the ranges. The fathers’ mean values show 
no significant difference with the fathers in the average weight mother’s group having 
the highest value of 21.5 mm compared with 18.7 mm and 16.9 mm for those in the 
overweight and obese mother’s groups, respectively. Ranges were almost similar but 
with high and low values. It appeared that children’s mean values were not 
statistically significantly different and the range of values was also the same. The 
mothers’ mean suprailiac skinfold thickness values showed a similar trend to that 
seen in the triceps, biceps, and subscapular skinfold thickness values. Ranges were 
somewhat the same but a little higher in the obese group. Fathers’ suprailiac skinfold 
thickness mean values show no significant difference, with somewhat similar values 
in ranges for all the 3 groups. Children’s suprailiac skinfold thickness values showed 
no significant differences since the mean values were 5.1, 7.7 and 6.6 mm, 
respectively, but there were some children of the overweight and obese mothers who 
had quite high suprailiac values. Similar results were found for the ranges. The Tri­
sub ratio for the mothers showed a slightly higher value in those of average weight 
(1.2) as compared to the overweight and obese groups with 0.9 for each group and 
0.9, respectively; a similar pattern existed in the ranges. For the fathers, the mean 
Tri-sub ratios went in the opposite direction, as there was a gradual decrease from the 
fathers in the average (0.97), overweight (0.8) and obese (0.7) mothers groups, 
respectively. The ranges were somewhat similar in the average and overweight 
groups with the obese showing the highest range. Children’s mean Tri-sub ratios
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showed no differences for the 3 groups (1.4, 1.5 and 1.4 respectively). The mean 
SSTR showed no significant differences in the 3 groups for all mothers, fathers, and 
children (Table 4.4).
The mothers’ mean waist values showed a progressive increase as BMI increased. 
The values were 74.7, 82.3 and 97.4 cm, respectively, for the average, overweight or 
obese mothers. The fathers’ waist measurements indicated that the highest mean value 
for fathers was actually in the average group. Children’s mean value for this 
measurement, as well as their ranges, were similar in the three groups. The lowest 
mean value for the mothers’ hip was 92.0 cm in the average weight group compared 
to 102 cm for the overweight group and 115.5 cm for the obese group. The fathers’ 
mean values declined from 85.8 to 70.6 and 68.6 cm for those in the average weight, 
overweight and obese mothers groups, respectively. The children’s mean values 
showed a gradual decrease in the waist size in the three groups with a wide range 
between the values in each group. The mean WHR for all mothers, fathers and 
children showed no significant differences between the 3 groups.
In the mothers there was a steady increase in the mean mid-arm circumference in the 
average weight group, the overweight and the obese group. Fathers’ values showed a 
steady decrease for the 3 groups, whereas the value for children showed no apparent 
trend (Table 4.4).
Using the information in Table 4.4 to conduct a correlation coefficient analysis of the 
different children’s variables, it appeared that the child’s BMI was correlated with the 
child’s age for the children of mothers in the overweight group only (p = 0.009). 
Similarly, when correlating child’s weight with his age, all the three groups have 
significant results which is expected because a child is in a growing state and 
naturally the weight increases as it grows (p = < 0.0005) for all the three groups.
The correlation between children’s BMI and their triceps skinfold thickness indicated 
that the children’s BMI was significantly correlated with their triceps skinfold 
thickness in all the three groups; the results were p = 0.002, p = < 0.0005, and
123
p = 0.002 for all the average, overweight and obese groups respectively. When the 
child’s BMI was correlated with the Tri-sub ratio, only the children of overweight and 
obese mothers were significantly correlated (p = < 0.0005 and 0.017, respectively). 
On the other hand, when the children’s weight was correlated with their triceps 
skinfold measurement only children of the overweight and obese mothers were 
significantly correlated p = 0.001 and p = 0.006. A similar significant result was 
obtained when the child’s weight and tri-sub ratio were correlated with the 
overweight and obese groups of mothers (p = < 0.0005 and p = < 0.0005 
respectively).
On examining the relationship between different variables of the three groups of 
children and those of their parents (average weight, overweight and obese), there 
were no significant relations between the child’s BMI and the mother’s BMI, 
mother’s weight or mother’s height. However, there was a relationship between 
a child’s BMI and the father’s BMI (p = 0.024), indicating that there might be 
a genetic (paternal) origin (Figure 4.1 and Figure 4.2). There was also no significant 
correlation between the mother’s weight, and the child’s weight and triceps skinfold 
thickness or Tri-sub ratio.
F igu re  4.1 Mother's 13MI compared with the mean 
BMI o f  the children
POlwroaReeWME IRwaRBffHSCKSQ
BtffliBtgMWia BSSMWSeSSSfiS 
wammmsam tm m iesm m
■PEMKBMBH «Kmi3Mni»iiun fpUtlflHA i .B -V C c I  fr»yj.U.UT»wCff!WGB
KH8585B5S8SB3 ItiffiSs&SiStSSSR 
■BMBHKB MMI WBSSaBKSBBB . rsiim iissBrassssssa essasstsaj tsssassssB
E3jggfiiaH»SBBj BBBBWB3M85W K HffigBSBaaa
<20 20-24  9  25 -29.9  30 -39.9  -4 0
Mother's BMI 
F igu re  4 .2  The father's BMI compared
with the BMI o f  the children 
1701—  ---------------------------------------------------------------------------------------------------------------------------
BHsmsemnw
iIbhIIIImI pmm&mm
mmmmsass vasmmsimESSSISSiaSSSSjBssxM^BaawsEOL
<20 20-24  9  25 -29.9  30 -39.9
Father's BMI category
124
4.6.3- Calculation o f Upper Arm Muscle and Fat Areas and Infant Feeding 
Practices fo r Children:
The mean total upper arm area (TUA) for the whole sample was 22.4 cm2 (range
2.4-81.5); for upper arm muscle area (UMA) it was 14.9 cm2 (range 0.6-57), where 
as the mean upper arm fat area (UFA) was 7.4 cm2 (range 0.89-24.5) and the arm fat 
index (AFI) was 36 % (range 18.4-88.2).
Table 4.5 Total Upper Arm Area (TUA), Upper Arm Muscle Area (UMA), 
Upper Arm Fat Area (UFA), Arm Fat Index (AFI) for children in the 
three groups of mothers. Values are means ± SD. Ranges are shown 
( )•
CHILD
VARIABLES
AVERAGE Wt. 
(n  = 34)
OVERWEIGHT 
(n =  33)
OBESE 
(it =39)
Mean 
(n  =106)
TUA (cm) 23.8 ±9.1 
(2.41-43.95)
19.72 ±10.9 
(2.41 - 49.8 )
23.4 ±14.7 
(2.9-81.5)
22.4 ±12.0 
(2.4-81.5)
UMA (cm) 16.3 ± 5.95 
(1.5-27.5)
12.99 ±8.0 
(0.6-34.6)
15.43 ±10.6 
(0.8-56.96)
14.9 ±8.6 
(0.6-57.0)
UFA (cm") 7.5 ±4.1 
(0.98-19.9)
6.73 ±3.4 
(1.54-19.2)
7.9 ±4.7 
(1.3-24.5)
7.4 ±4.1 
(0.89-24.5)
AFI (%) 31±8
(18.43-46.6)
39.3 ± 16.1 
(20.2-84.8)
37.5 ±14.2 
(20.5-88.2)
36.0 ±13.6 
(18.4-88.2)
The mean total upper arm area (TUA) for the 3 groups of children from mothers with
9 9 9different BMIs were not significantly different (i.e. 23.8 cm , 19.7 cm , and 23.4 cm ,
respectively). The mean upper arm muscle area (UMA) measurement gave a similar
2 2 2 result, where the values were 16.3 cm , 13.0 cm and 15.4 cm for the children of
average weight, overweight and obese mothers, respectively. A similar result was
obtained for the total arm fat area (UFA), where the mean values were 7.5 cm ,
2 26.7 cm , and 7.9 cm for the children of average weight, overweight, and obese 
mothers, respectively. Children from overweight mothers showed a higher mean arm 
fat index (AFI)(39.3 %) than the obese (37.5 %) and average weight mother’s 
children (31 %)(Table 4.5).
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4.6.4- Infant Feeding Practices fo r  Children:
It should be noted that the numbers of respondents differed for the questions 
regarding infant feeding practicess in all the Tables concerning feeding practices., in 
which questions on weaning age, 106 respondents; questions on types of infant 
feedings, 83 respondent; and questions on breast feeding 70 respondents. The parents 
of 83 children responded to the questions regarding infant feeding practices. The 
majority of the children (65.1 %) were mixed fed (i.e. breast and bottle fed); 26.5 % 
were exclusively breast fed, but only 8.4 % were exclusively bottle fed. Thus, the 
majority of these children (91.6 %) were breast fed either exclusively or partially 
during their lives (Table 4.6).
Table 4.6 Frequency and percentage of different kinds of infants’ feeding practices as 
recorded by their parents.
Type of feeding Frequency ( No.) Percentage (% )
Breast Fed 22 26.5
Bottle Fed 7 8.4
Mixed Fed 54 65.1
Total 83 100
Table 4.7 Duration of breast feeding, weaning age, energy intake (kcal/d) and the 
derived % RDA (Recommended Daily Allowance) for children in the 
three mothers’ groups (average weight, overweight and obese). Values 
are means ± SD. Ranges are shown ( ).
CHILD AVERAGE Wt. OVERWEIGHT OBESE MEAN
VARIABLES MOTHERS MOTHERS MOTHERS
No. of PARTICIPANTS (n =  22) (n  = 19) (n  =29) (n = 70)
DURA TION of BREAST 10.5 ±8.46 6.79 ±6.79 15.34 ±8.38 11.4 ±8.7
FEEDING (months) (0 - 24) ( 0 - 24) ( 2 - 2 4 ) ( 0 - 2 4 )
No. of PARTICIPANTS ( n =  34) (n -  33) ( n =  39) (n = 106)
WEANING AGE (months) 4.00 ±0 4.09 ±0.29 4.38 ±0.81 4.2 ±0.5
( 4 - 4 ) ( 4 - 5 ) ( 4 - 8 ) ( 4 - 8 )
ENERGY (kcaVday) 1385.5 ± 422.98 1589.7 ±546.11 1766.1 ± 772.3 1589± 623
(485-2577) (968-3570) (792-5389) (485 - 5389)
% RDA 79.01 ±24.17 87.00 ±31.29 96.00 ±35.01 88.00 ±31.2
(35-143) (40-190) (33 - 255) (33-255)
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The mean weaning age for the whole sample was 4 months (range 4-8 months), 
whereas the mean duration of breast feeding was 11 months (range 0-24 months). 
Although the mean weaning age values showed no differences between the children 
of average weight, and overweight mothers, the weaning age in the children of obese 
mothers was significantly higher than in the first two groups (Table 4.7). The mean 
energy intake for the children was 1589 kcal/day (range 485-5389 kcal/day), and the 
mean derived % RDA was 87.7 % (range 33-225 %).
Table 4.7 also shows that obese mothers breast fed their babies for longer than 
mothers who were of average weight, or overweight with mean values of 15.3,10.5 
and 6.9 months, respectively.
When an Anova test was conducted to test the relationship between the feeding 
practices of the child and its BMI, it appeared that there was no significant 
relationship in either of the three groups. Similarly, there was no correlation between 
the child’s BMI and the duration of breast feeding in any of the three groups. 
In addition, the child’s BMI and the age of weaning showed no significant 
relationship in any of the three groups (Table 4.8).
Table 4.8 The relationship between feeding practices of the child and child’s 
BMI (Correlation Coefficient).
Correlation Average Wt. 
Mothers 
(n =  34)
Overweight 
Mothers 
( n = 33)
Obese 
Mothers 
(n =  39)
Child’s BMI and Type o f Milk Fed ns ns ns
Child’s BMI and Duration of Breast fed ns ns ns
Child’s BMI and Weaning Age ns ns ns
* Significant result ( P < 0.05).
On examining the correlation between mother’s BMI and some of the child’s 
variables chosen for analysis such as weight, height, BMI, weaning age (months), 
duration of breast feeding (months), and energy intake (Kcal)(Table A4.1), it
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appeared that the mother’s BMI seemed to be correlated with three variables: weaning 
age, breast feeding, and energy intake of the children (Appendix 4).
Analysis of variance (Anova) indicated that the mothers with a BMI > 40 had the 
highest mean weaning age which was significantly higher than that of the other 
groups (P = 0.03). Although there was an apparent positive relationship between BMI 
and breast feeding in all the groups (Table 4.9), that of obese mothers (BMI 
> 30-39.9) had the highest significance (P = 0.002), in which the mean duration of 
breast feeding for the obese mothers was 15.7 months compared to 6 months for the 
underweight, 11 months for the average weight, and 13 months for the overweight 
mothers. An increase in the maternal BMI was significantly correlated with a rise in 
the children’s energy intake (P = 0.000l)(Table 4.9).
Table 4.9 The relationship between BMI of the mother and weaning age of the 
child (ANOVA).
Group Mother’s
BMI
Mean 
Weaning Age
P
Value
Mean Breast 
Feeding
P
Value
Mean Energy 
Intake
P
Value
1 <20 4.0 6.1 1113.0
2 20-24.9 4.0 11.2 1325.7
3 25-29.9 4.1 13.0 1593.0
4 30-39.9 4.3 15.7 * 1605.8
5 >40 4.7 * 18.0 2653.0 ***
Significant resu t ( P < 0.05 ).
An analysis of variance showed that the weight (but not the height) as well as the 
BMI of the child was significantly correlated to the BMI of the father. This may be 
due to a genetic predisposition. However, there was no significant correlation 
between the father’s BMI and the energy intake of the children unlike that found for 
the mothers. This may be due to the fact that the mother is usually the food provider 
for her children so she has a lot of influence on what they eat. Weaning age also was 
not correlated with the father’s BMI (See Appendix 4, Table A4.2).
In consideration of the mother’s BMI (3 groups), there was a significant increase in 
energy intake of the children (kcal/d) from the average weight to overweight and
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obese group (Fig 4.3). Children from the obese mothers’ group were those receiving 
the highest energy intakes (mean 1766 kcal/d), compared to 1590 kcal/d for those of 
overweight mothers and 1386 kcal/d for those of average weight mothers. There was 
no correlation between the children’s energy intake and the father’s BMI (Fig 4.4).
Figure 4.3. Mean energy intake of child compared with the 
BMI category of the mother
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There was a gradual increase in the energy intake as a percentage of the RDA 
(Wardlaw et al, 1992) with increasing BMI of the mothers (Table 4.7). Table 4.10 
shows that some children in each group were receiving 50 % or less of the RDA for 
energy, while others were getting > 110 % RDA. Examination of the individual 
results in each maternal group, as summarized in Table 4.10, showed that there was 
little difference in the numbers of children in each group receiving a low % RDA or 
those receiving a high % RDA. Overall, 9.4 % of the children were receiving < 50 % 
RDA and 14.2 % of the children were receiving > 110%  RDA. Thus, malnutrition 
may coexist with excess in energy intake in children of mothers of any BMI.
Table 4.10 Percentage of RDA as derived from the energy intake values for the 
children from mothers of different BMIs.
% RDA AVERAGE 
MOTHERS 
(n =  34)
OVERWEIGHT 
MOTHERS 
(n  = 33)
OBESE 
MOTHERS 
(n =  39)
TOTAL 
(  n =106 )
# % # % # % # %
< 50%  RDA 5 4.7 3 2.8 2 1.9 10 9.4
> 110 % RDA 2 1.9 5 4.7 8 7.5 15 14.2
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4.6.5 Categories o f Anthropometric and Socioeconomic Status o f the children and 
their parents.
Table 4.11, shows that for the three groups of mothers a mean of 43.4 % of their 
children were aged 2-4 years, while 26.4 % of children were aged 5-7 years and 
30.2 % of the children were aged 8-12 years. Fathers and mothers showed a similar 
pattern of age distribution in which the majority of them were in the age range 30-
39.9 years and the percentages were 55.7 % and 54.7 %, respectively. Similarly, the 
pattern of education of fathers and mothers was very similar at all four levels of 
education. It was also observed that the illiteracy and unemployment percentages 
were significantly higher in obese mothers as compared to average weight, and 
overweight mothers (Table 4.11).
The employment status of fathers was dramatically different than that of mothers. 
There were no fathers who were unemployed but 26.3% of mothers were unemployed 
outside the home. Since traditionally married women work in the home taking care of 
the family, this result was not unexpected. The fathers showed a significantly higher 
mean percentage of employment in all four categories of jobs as compared to 
mothers. The mean monthly family income of all families in this study was 580.5 
B.D. (range 120-2700 B.D). Family income seemed to be equally distributed between 
the three income groups of 100-300 B.D, 300-500 B.D, and 500+ B.D (Table 4.11).
A correlation coefficient test was carried out to test the relationship between the 
different child variables and the mothers’ education. It appeared that age of weaning 
of the child was the only variable affected by mother’s education (P = 0.0001). 
A child’s BMI was not related to the mother’s education (See Appendix 4, 
Table A4.3).
A positive correlation existed between mother’s education and age of weaning, in 
which the less educated mothers (illiterate and semi-literate) weaned their children 
significantly later than the other educational groups (P = 0.0000) (See Appendix 4, 
Table A4.4).
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Table 4.11 Different anthropometric and socioeconomic variables compared to 
the different groups of mothers: average weight, overweight, and 
obese.
Variables Average wt. 
Mothers 
(n=  34)
Overweight 
Mothers 
(n=  33)
Obese
Mothers
(n=39)
Mean 
( n =106)
# % # % # % # %
Child’s Age
2-4 yr. 16 47.1 14 42.4 16 41.0 46 43.4
5-7 yr. 10 29.4 9 27.3 9 23.1 28 26.4
8-12 yr. 8 23.5 10 30.3 14 35.9 32 30.2
Father’s Age
20-29.9 yr. 11 32.4 17 51.5 15 38.5 43 40.6
30-39.9yr. 23 67.6 14 42.4 22 56.4 59 55.7
> 40 yr. 0 0 2 6.1 2 5.1 4 3.8
Mother’s Age
20-29.9yr. 13 38.2 17 51.1 14 35.9 44 41.5
30-39.9yr. 21 61.8 14 42.4 23 59.0 58 54.7
> 40 yr. 0 0 2 6.1 2 5.1 4 3.8
Father’s Education
Illiterate & semi-illit 0 0 2 6.1 1 2.6 3 2.8
Primary 7 20.6 10 30.3 6 15.4 23 21.7
Secondary 15 44.1 16 48.5 21 53.8 52 49.1
Higher Education 12 35.3 5 15.2 11 28.2 28 26.4
Mother’s Education
Illiterate & semi-illit 0 0 0 0 1 2.6 1 0.9
Primary 8 23.5 5 15.2 9 23.1 22 20.8
Secondary 17 50 19 57.6 20 51.3 56 52.8
Higher Education 9 26.5 9 27.3 9 23.1 27 25.5
Father’s Occupation
Unemployed 0 0 0 0 0 0 0 0
Laborer 3 8.8 3 9.1 5 12.8 11 10.4
Clerical 7 20.6 9 27.3 7 17.9 23 21.7
Technicians 3 8.8 4 12.1 8 20.5 15 12.2
Professionals 21 61.8 17 51.5 19 48.7 57 53.8
Mother’s Occupation
Unemployed 19 55.9 20 6.1 27 69.2 66 62.3
Laborer 0 0 2 6.1 1 2.6 3 2.8
Clerical 5 14.7 4 12.1 1 2.6 10 9.4
Technicians 4 11.8 0 0 0 0 4 3.8
Professionals 6 17.6 7 21.2 10 25.6 23 21.7
Family monthly Income
100 B.D 0 0 0 0 0 0 0 0
100-300 B.D 8 23.5 13 39.4 13 33.3 34 32.1
300-500 B.D 13 38.2 10 30.3 15 38.5 38 35.8
500" B.D 13 38.2 10 30.3 11 28.2 34 32.1
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4.6.6- Stepwise Multiple Linear Regression Analysis:
A stepwise multiple linear regression analysis was used to describe the relationship 
between an outcome (dependent variable) and a set of independent (predictor) 
variables. These independent variables are also called covariates. In this study either 
the child’s BMI or child’s triceps skinfold thickness was used as the dependent 
variable correlated with different child’s and parental variables including parental 
BMI to predict probability that the likelihood of childhood obesity increases with 
increasing parental BMI. It was observed that the father’s BMI was a stronger 
predictor of childhood obesity than was the mother’s BMI. The coefficient of 
determination or the multiple regression coefficient (r ) for these variables and 
father’s BMI was 0.17 (P = 0.047). Regression analysis was carried out between the 
child’s BMI and the child’s age and gender, and father’s and mother’s education for 
the total 106 children. The results showed that child’s age was the only significant 
variable in addition to the father’s BMI, where r = 0.17 (P = 0.0004). No correlation 
was found with the mother’s BMI (Table 4.12).
Table 4.12 Stepwise Multiple regression analysis carried out between child’s 
BMI and different child’s variables: child’s age and gender, father’s 
and mother’s BMI, father’s and mother’s education.
Independent
Variable
Dependent Variable ( Child’s BMI) 
( 7 Variables)
Average wt.
Mothers
Group(n=34)
Overweight
Mothers
Group(n=33)
Obese
Mothers
Group(n=39)
Total
(n—106)
r = 0 
& P Value
r =0.30 
& P Value
r =0.23 
& P Value
r=  0.17 
& P Value
Father’s BMI ns ns ns 0.0475
Mother’s BMI ns ns ns ns
Father’s Educ. ns ns ns ns
Mother’s Educ. ns ns ns ns
Family Income ns ns ns ns
Child’s Age ns 0.008 0.002 0.0004
Child’s Gender ns 0.05 ns ns
r = Logistic regression coefficient ns = non significant correlation
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When the same linear regression analysis was conducted on the different groups of 
children who came from mothers with different BMIs, the multiple regression 
coefficient was r = 0.23 (p = 0.002) for the children of the obese group of mothers, 
and r2 = 0.30, (p = 0.008) for the children of the overweight group of mothers 
(Table 4.12).
When the child’s BMI was correlated with more variables such as child’s weight, 
energy intake, triceps and subscapular skinfolds, and weaning age, it was evident that 
the father’s BMI was no longer significant when more variables were added to the 
analysis, whereas other variables such as child’s age, weight, and subscapular 
skinfold were found to be significant since r2 = 0.05 (p = 0.0000, p = 0.000, 
and p = 0.0079) respectively (See Appendix 4, Table A 4.5).
In the different groups of mothers, a correlation was found to exist between child’s
ni
BMI and age in the obese and overweight mothers’ groups only, since r = 0.60 
(p = 0.0032), and r = 0.87 (p = 0.0000) for the obese and overweight mothers’ groups 
respectively. Child’s weight was significantly correlated only in the obese and 
overweight mothers’groups where r2 = 0.60 (p = 0.0000), and r2 = 0.87 (p = 0.0000) 
for the obese and overweight groups respectively. Subscapular skinfolds thickness 
was found to be significant only in the children from average weight mothers 
r2 = 0.81 (p = 0.0000) (See Appendix 4, Table A4.5).
Correlation was made of the child’s triceps thickness with the different variables 
such as child’s BMI, age, gender, father and mother BMI, father’s and mother’s 
education and family income. Results showed that only the child’s age was found to 
be significantly correlated with triceps thickness since r2 = 0.055 (P = 0.016).
When looking at the different groups, correlation existed between a child’s triceps 
thickness and age only in the children from the obese group of mothers (r =0.14, 
p = 0.02). All other variables in this group were non significant. Child’s gender and 
child’s BMI was significant only in the children of overweight mothers where
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r2 = 0.58 (p = 0.018), and (p = 0.0000), respectively. Correlation was made of the 
child’s triceps skinfold with added variables such as child’s BMI, weight, energy 
intake, triceps and subscapular skinfolds as well as weaning age. The results showed 
that only the child’s subscapular skinfold was found to be significant since r =0.43 
(p = 0.0000). In the different groups, a correlation existed between a child’s BMI and 
the child's subscapular skinfold in the children of obese mothers only since r2 = 0.28
(p = 0.0005). The child’s energy intake was significantly correlated in the children of
2 2 overweight and average weight mothers where r = 0.63 (p = 0.015), r =0.71
(p = 0.025), and subscapular skinfold was significantly correlated with triceps
skinfold r2 = 0.63 (p = 0.0000), r2 = 0.71 (p = 0.0000) for the children of overweight
and average weight mothers respectively (See Appendix, Table A4.6 and A4.7).
There was no correlation between the child’s WHR and the child's parent WHR 
regardless of the different mother’s BMI, average, overweight or obese (Table 
A4.8) Appendix 4.
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4.6.7- Categorizing Children (males and females separately and combined ) into 
Light Weight, Average, Overweight, or Obese according to their Percentiles:
The majority of both male and female children had a BMI within the 25-75th 
percentile irrespective of their mother’s BMI. The mean total values were 47.1 %,
45.5 % and 53.8 % for children from the average weight, overweight, and obese 
mother’s groups respectively. Obese mothers had a higher percentage of overweight 
children (BMI > 85th percentile), i.e. 10.3 %, as compared to 9.1 % for overweight 
and 2.9 % for average weight mothers. Obese mothers had also a higher percentage of 
obese children (BMI > 90 percentile), 15.4 %, as compared to 12.1 % for overweight 
and 14.7 % for average weight mothers. Similarly, the triceps percentage percentiles 
as well as subscapular percentiles of both males and females were mostly in the 
range of 25-75th irrespective of their mother’s BMI. It was very interesting to see that 
there were more overweight and obese male children than females (Table 4.13).
Height for age percentile data indicated that children of average weight, overweight, 
and obese mothers were within the 25-75th percentile with percentages of 41.2 %,
36.4 % and 43.6 % respectively. The percentages of children from the 3 groups of 
mothers, who had height for age > 85th percentile were 2.9 %, 3 %, and 2.6 %, 
respectively, and those > 90th percentile were 5.9 %, 6.1 % and 12.8 %. It was also 
observed that a relatively high percentage of children was within the 5th and 10th 
percentile irrespective of their mother’s BMI, having height for age > 90th percentile. 
The height for weight percentile data indicated that 41.2 %, 39.3 % and 51.3 % of 
children from the average, overweight, and obese groups of mothers, respectively, 
were in the 25-75th percentile. Similarly, it was apparent that relatively high 
percentages of children were light weight (5-10th percentile). Weight for age 
percentile data indicated that about one third of the children lay within the 25-75th 
percentile irrespective of their mother’s BMI. However, almost a third of the children 
were at or below the 5th percentile and a further 15% were at or below the 10th 
percentile (Table 4.13).
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The actual numbers of the percentile of BMI, triceps skinfold, subscapular skinfold, 
height for age, height for weight, and weight for age for the three weight groups (for 
males and females) are shows in Table A4.9 and A4.10 (Appendix 4).
Table 4.13 Different percentages of the percentiles of BMI, Triceps skinfold, 
subscapular skinfold, height for age, height for weight, and age for 
weight for the three groups of children (male & female) divided 
according to their mother’s BMI, where > 5th & > 10th are 
considered light weight, 25-75th are average weight, > 85th are 
overweight, and > 90 were obese.
CHILDRENS
PERCENTILE
AVERAGE Wt. 
MOTHERS % 
(n =  34)
OVERWEIGHT 
MOTHERS % 
(n =  33)
OBESE 
MOTHERS % 
( n - 3 9 )
BMI Male Female Total Male Female Total Male Female Total
> 5th 11.8 8.8 20.6 6.1 9.1 15.2 2.6 5.1 7.7
>10th 8.8 5.9 14.7 9.1 9.1 18.2 5.1 7.7 12.8
25-75th 20.6 26.5 47.1 27.3 18.2 45.5 28.2 25.6 53.8
> 85th 2.9 0 2.9 6.1 3.0 9.1 0 10.3 10.3
> 90th 5.9 8.8 14.7 12.1 0 12.1 10.3 5.1 15.4
Triceps 100 100 100
IV s 8.8 14.7 23.5 0 3.0 3.0 7.7 2.6 10.3
> 10th 5.9 7.7 13.6 12.1 6.1 18.2 5.1 0 5.1
25-75th 26.5 17.6 44.1 36.4 30.3 66.7 25.6 46.2 71.8
> 85th 0 0 0 9.1 0 9.1 5.1 2.6 7.7
> 90th 8.8 8.8 16.6 3.0 0 3.0 2.6 2.6 5.1
Subscapular 100 100 100
> 5th 0 0 0 3.0 0 3.0 0 0 0
> 10th 2.9 2.9 5.9 3.0 0 3.0 5.1 0 5.1
25-75th 26.5 32.4 58.8 36.4 33.3 69.7 17.9 43.6 61.5
> 85th 2.9 8.8 11.8 6.1 6.1 12.1 7.7 7.7 15.4
> 90th 17.6 5.9 23.5 12.1 0 12.1 10.3 7.7 18.0
Height for Age 100 100 100
> 5th 14.7 14.7 29.4 27.3 6.1 33.3 15.4 14.9 33.3
>10th 5.9 14.7 20.6 6.1 15.1 21.2 2.6 5.1 7.7
25-75th 23.5 17.8 41.2 21.2 15.1 36.4 20.5 23.1 43.6
> 85th 2.9 0 2.9 3.0 0 3.0 2.6 0 2.6
> 90th 2.9 2.9 5.9 3.0 3.0 6.1 5.1 7.7 12.8
Height for Weight 100 100 100
> 5th 17.6 8.8 26.5 15.1 15.1 30.2 7.7 5.1 12.8
> 10th 5.9 8.8 14.7 3.0 6.1 9.1 5.1 10.3 15.4
25-75th 23.5 17.8 41.2 21.2 18.1 39.3 23.1 28.2 51.3
> 85th 0 0 0 6.1 3.0 9.1 0 5.1 5.1
> 90th 11.8 2.9 14.7 3.0 9.1 12.1 10.3 5.1 15.4
Weight for Age 100 100 100
> 5th 17.6 14.7 32.4 24.2 9.1 33.3 15.4 15.4 30.8
> 10th 8.8 11.8 20.6 3.0 15.2 18.2 2.6 12.8 15.4
25-75th 17.6 17.6 35.3 21.2 12.1 33.3 15.4 20.5 35.9
> 85th 0 2.9 2.9 0 3.0 3.0 10.2 2.6 12.8
> 90th 5.9 2.9 8.8 12.1 0 12.1 2.6 2.6 5.1
100 100 100
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Table 4.14 Classification of percentiles of BMI, Triceps, and Subscapular in to 
not overweight or overweight, where Not overweight (> 5th, > 10th 
and 25-75th percentile) and Overweight (> 85th and > 90th 
percentile).
CHILDRENS
PERCENTILE
CHILDRENS o f  
AVERAGE Wt. 
MOTHERS 
( n =  3 4 )
CHILDRENS o f  
OVERWEIGHT 
MOTHERS 
( n =  3 3 )
CHILDRENS o f  
OBESE 
MOTHERS 
( n =  3 9 )
TOTAL
# % # % # % # %
BMI:
N o t O verw eight 28 82.4 26 79 29 74.4 83 78.3
O verw eight 6 17.6 7 21.0 10 25.6 23 21.7
Triceps:
N o t O verw eight 28 82.4 29 87.9 34 87.2 91 85.8
O verw eight 6 17.6 4 12.1 5 12.8 15 14.2
Suhscapular: 
N o t O verw eight 22 64.7 25 75.8 26 66.7 73 68.9
O verw eight 12 35.3 8 24.2 13 33.3 33 31.1
As shown in Table 4.14, and by using BMI > 85th percentile as a standard to 
measure overweight and obesity in children in this study, obese mothers had slightly 
more overweight children than the overweight, or average weight mothers i.e. 25.6 %,
21.0 % and 17.6 % for the obese, overweight and average weight mothers, 
respectively. By using the triceps as a method of measuring overweight and obesity in 
children, the results indicated that there was no clear trend of the values that could be 
related to the mothers’ BMI. However, if data from subscapular skinfolds are 
analyzed, the numbers and percentages of children at percentiles in the normal 
or overweight range were clearly higher than those indicated by BMI and triceps 
results, and their values were 33.3 %, 24.2 % and 35.3 % for children from obese, 
overweight and average weight mothers, respectively. These 3 measures reflected 
different patterns, since the BMI measure indicated that a total of 21.7 % of the 
children could be judged as obese or overweight (i.e. having BMI > 85th percentile), 
whereas a total of only 14.2 % were overweight according to the triceps percentile, 
and a total of 31.1 % were overweight using the subscapular percentiles (Table 4.14). 
As is shown in Table A4.9 (Appendix 4), when the more stringent criterion that 
obesity in children > 90th percentile BMI rather than > 85th percentile was employed 
to classify the groups (Table 4.14), rates of obesity dropped to 14.2 % compared to
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21.7 %. A similar result on triceps skinfolds also exists in which the value drops 
from 14.2 % to 8.5 %, by assuming that obesity starts when the triceps > 90th 
percentile. Subscapular skinfold values also rises from 17.7 % to 31.1 % by assuming 
that obesity starts when the subscapular > 90th percentile instead of > 85th 
percentile. These result are shown by comparing the results in table 4.12 and Table
4.9 (Appendix 4).
4.6.8- Classifying Growth, Weight, and Fat Status o f Bahraini Children:
Table 4.15 Growth, Weight, and Fat Status of Bahraini children of mothers of 
different weight status according to Frisancho Z Score Classification.
Children Status Average wt. 
(n = 34)
Overweight 
(n =  33)
Obese 
(n =  39)
Total 
(n  = 106 )
Growth Status # % # % # % # %
Category I Short 4 12.1 1 2.9 / 2.6 6 5.7
Category II Below Average 0 0 2 5.9 / 2.6 3 2.8
Category III Average 13 39.4 15 44.1 23 59 51 48.1
Category IV Above Average 8 24.2 10 29.4 7 17.9 25 23.6
Category V Tall 8 24.2 6 17.6 7 17.9 21 19.8
Weight Status
Category I Low Weight 1 3.0 0 0 4 10.3 5 4.7
Category II Below Weight 2 6.1 3 8.8 2 5.1 7 6.6
Category III Average 14 42.4 16 47.1 18 46.2 48 45.3
Category IV Above Average 5 15.2 6 17.6 4 10.3 15 14.2
Category V Heavy Weight 11 33.3 9 26.5 11 28.2 31 29.2
Fat Status
Category I Lean 2 6.1 1 2.9 1 2.6 4 3.8
Category II Below Average 2 6.1 5 14.7 3 7.7 10 9.4
Category III Average 24 72.7 17 50 30 76.9 71 67.0
Category IV Above Average 3 9.1 6 17.6 3 7.7 12 11.3
Category V Excess Fat 2 6.1 5 14.7 2 5.1 9 8.5
Table 4.15 shows the numbers and percentages of children of mothers from different 
BMI groups, classified into categories of growth status, weight status, or fat status, 
according to Frisancho (1993). Category I in all of these classification indicated the 
lowest status and category V indicated the highest.
The results showed that the nutritional status of the children, i.e. growth, weight and 
fat status, reflected a similar pattern in all the 3 groups of average weight, overweight,
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and obese mothers, where category III (average) was the highest i.e. percentages of
48.1 %, 45.3 %, and 67.0 % for growth, weight and fat status, respectively. Results 
also showed that, according to fat status alone, it appeared that there was a pattern to 
suggest differences relative to the weight status of the mothers. It was interesting to 
note that more children (32.3 %) in the above average (category IV) and excess fat 
(category V), (15.2 %), (12.8) % came from overweight mothers rather than from 
average weight or obese mothers.
4.6 .9-Percentile Charts:
Percentile charts (Frisancho, 1993) of weight by height plotted for Bahraini boys and 
girls measured in this study are shown in Figure 4.5, shows that the majority of the 
Bahraini boys were between the 5th and 95th percentile. Although the same 
distribution was found as that for girls (Fig 4.6), there were rather more boys than 
girls who were below the 5th percentile.
Percentile charts of weight for age (Frisanchio, 1993) plotted for Bahraini boys and 
girls measured in this study are shown in Figs 4.7 and 4.8, respectively. In Fig 4.7, 
there was no clear separation of Bahraini boys from the different groups of mothers. 
Again, most of them were between the 5th and 95th percentile. There were more 
boys than girls on or below the 5th percentile (23 boys were on or below the 5th 
percentile including some from obese mothers). In Bahraini girls (Fig 4.8), a similar 
pattern existed; and there was no clear separation of children from different groups.
Percentile charts of stature (height) by age for boys and girls are shown in Figures 4.9 
and 4.10. As Figure 4.9 shows, there were at least 20 boys who were on or below the 
5th percentile regardless of their mothers’ BMI (average, overweight, or obese), at 
least 14 girls were below the 5th percentile as shown in Figure 4.10.
Percentile charts (Frisancho, 1993) plotted with data of the sum of triceps and 
subscapular skinfold thickness by age for boys and girls are shown in Figures 4.11 
and 4.12, respectively. In Figure 4.11 shows there were at least 8 boys who had
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excess of fat status according to the sum of their triceps and subscapular thickness, 
and 11 were below average. In Figure 4.12 shows there were 3 girls who had excess 
of fat and 7 girls were below average.
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4.7- Discussion:
It has been suggested that hereditary factors play a significant part in the development 
of obesity in children (Bouchard, 1990). Many observations suggest that overweight 
develops relatively more often at certain ages and stages of development. Two and 
possibly three critical periods exist for the development of obesity. These include 
gestation and early infancy, the period of adiposity rebound that occurs between 5 and 
7 years of age, and adolescence (Taitz, 1983; Foster and Burton, 1985). Obesity that 
begins at these periods appears to increase the risk of persistent obesity and its 
complications, although the mechanisms that account for the increased risk 
associated with obesity at these ages remain unclear. Nonetheless, the existence of 
critical periods should serve to focus preventive efforts on these developmental stages 
(Dietz,1994).
It has been emphasized that parent’s weight is an important factor in the etiology of 
childhood obesity, because parent’s and childrens weight are related and obese 
children with obese parents are more likely to become obese adults than obese 
children with non obese parents (Gam & Clark, 1976). The mechanisms that may 
account for these differences include genetic, physiological, or behavioural factors 
(Stunkard, 1980; Epstein, 1986). The observation of strong familial correlations does 
not mean that genes are involved in the determination of BMI, because individuals in 
families share environments as well as genes. It was reported (Bouchard, 1990) that 
obese parents had a higher risk of having overweight or obese children than lean 
parents. This does not constitute a clear demonstration that the obesity of the 
offspring is determined by the so-called “obesity” genes of the parents as both 
generations share not only genes but also the “household milieu” and many 
environmental conditions including eating patterns (Bouchard, 1990).
In the previous study, demographic and social factors contributing to the current 
increased prevalence of obesity in Bahrain were examined. This study was conducted 
to determine among other aims, the influence of the parents, particularly the mother,
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on their children’s nutrition. Since in Bahraini society, the mother is the food provider 
for the family as well as acting as a role model for her children’s dietary habits, it was 
felt that an examination of her nutritional education and attitudes towards eating 
might give some insight into how these might relate to the risk of her children 
developing obesity. The fact that the study included detailed measurements on the 
father is an important factor in the interpretation of the data. Thus, this study 
attempted to identify a child’s risk of developing obesity as related to the obesity or 
overweight of either parent; in order to enable mothers to help prevent obesity in their 
children through an understanding of their own dietary practices and how they can 
provide proper nutritional guidance for their children; finally, to underscore the urgent 
need to develop a longterm national stategy for the management and control of 
obesity in both adults and children.
4.7.1- BMI:
In this study on Bahraini families, the body measurements of both parents were taken 
and linear regression analysis showed that father’s rather than the mother’s BMI was 
a stronger predictor of childhood obesity. No correlation was found with the mother’s 
BMI (Table 4.8). In a similar study on Chinese children aged 13-16 years (Queck, 
et al., 1993), it was ascertained that families with two obese parents (BMI > 25) were 
five times more likely, and families with one obese parent were 3.7 times more likely, 
to have an obese child than families with no such parent. In contrast to the present 
results, it was reported that childhood obesity was more markedly correlated with the 
mother’s than with the father’s BMI. However, the present results are in agreement 
with those of a study in Jerusalem that found, father-child BMI correlation was 
significantly higher than mother-child BMI correlation (Friedlander et al., 1988). One 
interesting observation was that the weight of the fathers of children whose mothers 
were in the obese group tended to be higher. This might reflect to some extent the 
cultural trend that still exists, that some obese men are attracted to overweight women 
(Musaiger, 1987).
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4.7 .2- Skinfo ld . M id-arm  circum ference an d  WHR:
In this study on Bahraini children (girls and boys combined), on the assumption that 
subjects over the 75th percentile for triceps skinfold were overweight, while those 
above the 90th percentile were obese, a total of 35.9 % of children, were found to be 
overweight and 5.1 % were obese (See Appendix 4.Table.A14). Similar distributions 
were reported by Patterson et al (1986) in American pre-school children, in whom
23.4 % and 7.5 % were overweight and obese respectively. Most parent-child 
anthropometric correlations were statistically significant in the American children. 
In that study, the biceps mean measurements indicated that there was no significant 
differences between both parents while some of the fathers show a greater range for 
this variable than the mothers. While BMI was based on weight and height, the 
skinfolds are particular areas where fat is deposited. Differences in the subscapular 
results may indicate a racial or genetic factor. This may account for the fact that fat 
may be laid down in different areas at different rates.
The importance of the correlation of an elevated WHR and risk factors for CVD and 
NIDDM also led us to examine the familial resemblance of body fat distribution as 
defined by waist to hip ratio (WHR). In the Bahrainis it was found that the fathers had 
a mean WHR of 0.97, close to the risk value of 1.0. The individual values ranged 
from 0.6 to 1.3 indicating that some fathers did, in fact, have values which put them at 
high risk of CVD and NIDDM. However, in spite of the correlation mentioned above 
between the children’s BMI and father’s BMI, no correlation was found between 
child’s WHR and parent’s WHR. This finding differs from that of Donahue, et al 
(1992); they found that there were significant correlations between the WHR of the 
child and that of the parents, although these findings were independent of parent and 
child body mass indices and other covariates. Furthermore, Cardon et al (1994), 
observed that the BMI-WHR correlation in twin studies suggests that overall obesity 
and abdominal adiposity are mediated to some extent by similar genetic influences.
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4.7.3- Socioeconomic Status (SES):
In the present study no clear correlation was observed between the socioeconomic 
status of the families and the obesity of their children. This finding is in agreement 
with the results reported by Moussa et al (1994) in the UAE which indicated that 
there was no relation between SES and the prevalence of obesity in school children 
but that the mother’s education was significantly related to obesity. A study in 
Denmark also showed that the relationship between SES and the risk of overweight in 
school children was insignificant (Garen et al, 1979; Lissau and Sorenson, 1992). 
However, in American studies, a regression analysis suggested that children who 
tended to be fatter were members of low socioeconomic classes (Patterson, et al 1986; 
Wolfe et al, 1994). In Bahrain, it was observed that among children of illiterate and 
unemployed mothers, obesity was significantly higher compared to average and 
overweight mothers.
4.7.4- Energy intake:
In this study it appeared that the mother’s BMI seemed to be positively correlated to 
the mean energy intake of the children. As the mother’s BMI increased, the energy 
intake of the children increased (Fig 4.3). On the other hand, the BMI of the fathers 
had no relationship to the energy intake of the children (Fig 4.4). Generally, social 
environmental factors are used as predictors of children’s risk for obesity. When the 
obesity risk was measured by the child’s weight for height score and calorie intake, it 
was found that lower social class, and lower expressive social support, of the 
caretaker were associated with a higher calorie intake and a higher weight for height 
score in the child (Gerald et al, 1994).
Although the effect of television watching on development of obesity has not been 
incorporated in this study, it has been reported in many other studies that it is an 
important factor (Gortmaker et al., 1990., Dietz, 1991; Klesges et al., 1993;; DuRant 
etal.,1994).
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4.7.5- Infant Feeding Practices:
Overfeeding of children may be of particular importance in the development of 
childhood obesity. This may stem, in part, from early feeding practices for infants, as 
well as the early introduction of solid foods. Available data suggest that those infants 
who grow most rapidly in the early months of life may be the fattest in later 
childhood. Although there are differences of opinion, current evidence suggests that 
both the quantity and quality of food available during the first weeks of life may be 
a major environmental factor in the etiology of childhood obesity (Bray, 1976).
Our results indicated that 65.1 % of the Bahraini children received breast and formula 
milk, 26.5 % were exclusively breast fed, and 8.4 were bottle fed, as reported by their 
parents. These results are very similar to those of Al-Nasir (1988), who found that 
72 % of Bahraini infants were mixed fed, 19 % were breast fed only, and 9 % were 
bottle fed. Elias (1985) reported that 85 % of Saudi infants were exclusively breast 
fed after birth but this percentage dropped to 38 % at age six months and 22 % at age 
12 months. The high percentage of mixed feeding in our study suggests that mixed 
feeding has become the main feeding practice for infants in Bahrains as has also been 
suggested by Al-Othaiman et al (1988) and Musaiger (1988).
The age at which solid foods were first offered was recorded in this study as 4.2 
months (range 4-8 months). It was also found that the less educated mothers weaned 
their children at a later stage. This can be compared with results reported from a study 
in the Sultanate of Oman in which it was found that 31 % of the mothers introduced 
weaning food before the age of 4 months (Musaiger, 1988). In the UAE, the 
percentages of infants who were weaned in the first two months, range from 12.5 % 
in rural areas to 64.5 % in urban areas (Othman, 1981). Similar results to the present 
finding were reported by Patterson et al (1986) in American children, who found that 
introduction of solid foods occurred at 3 to 5 months of age. Although the present 
study did not show any significant effect of age of weaning and duration of breast 
feeding on the BMI of the child, other workers have suggested that bottle feeding and 
early introduction of solid foods could be associated with the development of obesity
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in the infant and subsequently in childhood (Patterson et al, 1986), although today it 
is recognized that the development of infantile obesity is due to more complex factors 
than these.
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4.8- Summary:
1- One hundred and six Bahraini children, aged 2-12 years from 62 families 
participated in this study. The children were grouped according to their mother’s BMI 
into three groups: children from average weight, overweight, and obese mothers. 
The income of the families was equally distributed between three categories 100-300 
B.D per month, 300-500 B.D, and 500+ B.D. All fathers were employed while only 
38% of the mothers were employed outside the home.
2- Children from average weight mothers showed the highest percentage of fat, 
weight and growth status. The percentile charts of weight by height indicated that the 
majority of Bahraini boys and girls were between the 5th and 95th percentile. More 
boys were below the 5th percentile. The percentile charts of height by age for 
Bahraini boys and girls showed that regardless of their mother’s fat status, 14 girls 
(out of 51) and 20 boys (out of 55) were short for their age, being below the 5th 
percentile. Thus, 34 children may have had some evidence of malnutrition.
3- In this study 21.7 %, 14.2 % and 31.1 % of Bahraini children of mothers of the 
three weight groups, average, overweight and obese respectively were classed as 
overweight, i.e. their BMI, triceps and subscapular measurements placed them at or 
above the 85th percentile by age and gender (Table 4.13). When the more stringent 
criterion was used that obesity in children > 90th percentile, rates of obesity dropped 
to 14.2 % for BMI, 8.5 % for triceps and 17.7 % for subscapular percentile 
respectively (Table A4.14).
4- Obesity in the children, as judged by the BMI, correlated more with the father’s 
than the mother’s BMI as shown by regression analysis.
5- The mean anthropometric data for Bahraini children found in this study were the 
following: weight 20.6 kg; height 110.5 cm; BMI 15.95, mean biceps skinfold 
measurements 6.8 mm; triceps 9.9 mm; subscapular 17.2 mm; and suprailiac 7 mm. 
The mean Tri-sub ratio was 1.4, and SSTR measurement was 0.76. The mean waist
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measurement was 46.5 cm, hip was 51.3 cm, and W/H ratio was 0.9. Mid-arm 
circumference was 16.1 cm, UFA was 7.4 cm , TUA was 22.4 cm , UMA was 14.9 
cm2 and AFI % was 36 %.
6- The mothers had mean triceps and suprailiac skinfold values of 26.6 and 22.4 mm, 
respectively, compared to the fathers’ measurements of 13.2 mm and 17.6 mm 
respectively. Higher mean subscapular skinfold measurements were also found in 
mothers (28.5 mm) than fathers (18.9 mm). Mothers also had a higher mean hip 
value than fathers, i.e. 103.9 as compared with 74.7 cm. Consequently, the W/H ratio 
of mothers (0.8) was lower as compared to that of fathers (0.97). Mothers also had a 
higher level of peripheral fat in the upper body areas as reflected by a higher mean 
mid arm circumference of 32.2 cm compared with 23.6 cm for the fathers.
7- The energy intake of the children was related to the mother’s BMI. Results 
indicated that children of obese mothers received the highest energy intake of 96 
kcal/d, compared to 87 kcal/d for overweight mothers and 79 kcal/d for average weight 
mothers, but these children were not necessarily the fattest.
8- The percentage of children with RDA > 110 % for energy increased gradually as the 
BMI of the mother increased. One third of the children had RDA < 50 % for energy, 
which indicates a form of undemutrition or probably malnutrition in some Bahraini 
children.
9- The mean weaning age (as defined by the introduction of solid foods ) for children 
as reported by parents, was 4 months (range 4-8 months), while the mean duration of 
breast feeding was 11 months (range 0-24 months). The age of weaning of the child 
was significantly related to the mother’s education (P = 0.0001), since the lower 
educated mothers weaned their children at a later age. There was no significant 
relationship between child obesity as measured by their BMI and mother’s education 
and occupation.
153
10- The majority of the children in this study were mixed fed, i.e. breast and formula 
(65.1 %), followed by breast fed (26.5 %) and lastly bottle fed (8.4 %).
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Chapter 5 
“ The Clinical Study ”
5.1-  Introduction:
The rapid change in socio-economic status due to oil revenues during the past 30 
years has led to great changes in food habits and life style of the Bahraini population. 
It is now recognized that over-consumption of animal foods, sugar, and fat may 
contribute to many diseases such as obesity, diabetes and heart diseases. These health 
disorders are becoming the major public health problems in Bahrain.
The most frequent chronic diseases that are believed to be influenced by diet and 
weight, are cardiovascular diseases (atherosclerosis, arterial thrombosis, hypertension, 
and subsequent elevated total plasma cholesterol concentration or a reduced ratio of 
plasma HDL to LDL cholesterol concentration) and diabetes mellitus (DM) (Report o f 
the Royal College o f Physicians. 1983; WHO Report. 1990). The principal disease 
frequently associated with obesity in the public's mind is coronary heart disease 
(CHD), which is considered to be the leading cause of death in Britain, United States 
and other western countries (Truswell, 1992).
Heart diseases are the first cause of death in Bahrain, representing 36% of total deaths. 
The highest mortality rates from 1991 to 1994 were from circulatory diseases (Annual 
Reports o f Public Health. 1991,1992,1993, and 1994). Musaiger has also indicated 
that the diseases of the circulatory system represented the second main cause of 
illness (12.4 %) in all patients admitted to the Salmaniya Medical Center in 1985 
(Musaiger, 1991). The high intake of animal fat, sodium and lack of physical exercise 
(sedentary life style) may play a significant role in increasing the risk of heart diseases 
in the country. Statistics have shown that there has been a sharp increase in the per 
capita intake of red meats, chicken, eggs and animal fat during the period 1972-1984 
(Musaiger, 1991).
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The relationship between obesity and CHD remains controversial, and Keys (1981) 
disputes the fact that obesity is important in explaining cross cultural differences in 
CHD. Nevertheless, if an account is taken of studies with a long-term follow-up, i.e. 
over five years, the role of obesity in CHD becomes evident (Garrow, 1981). An 
American Cancer Society study showed that there was a progressive increase in 
mortality from CHD with weight in young men. This association with weight applied 
to all those with a BMI above the 80-90 percentile. Similar effects were seen in 
young women. (Royal College o f Physicians Report. 1983).
Changes in body weight also affect the two main CHD risk factors of high blood 
pressure and elevated serum cholesterol. These two risk factors are known to change 
rapidly in response to changes in body weight. Voluntary over feeding leads to an 
increased serum cholesterol and weight reduction in over weight subjects produces a 
fall. A low carbohydrate/high fat diet leads to an increase rather than a decrease in 
serum cholesterol. Weight loss in obese patients reduces both blood pressure and 
cholesterol levels. Alexander (1975) has emphasized that obesity interacts with an 
elevated serum cholesterol, thereby increasing substantially the risk of angina and 
sudden death. (Royal College o f Physicians Report. 1983).
The mean total plasma cholesterol of healthy adults ranges widely in different 
communities, from 3.0 mmol/L in Bushmen and Masai, to 7.2 mmol/L in adults from 
east Finland. None of the other common biochemical plasma variables show this 
variation. In countries whose average total cholesterol exceeds 5.2 mmol/L, as in 
Britain, coronary heart disease is common (Truswell, 1992).
The risk of coronary disease increases progressively with plasma cholesterol, and 
many studies have shown that people with a cholesterol concentration higher than 6.5 
mmol/L (250mg/dL) are at a high risk; people with plasma cholesterol between 5.2 
mmol/L (200 mg/dL) and 6.5 mmol/L are at moderate risk. High cholesterol seems 
to have the greatest effect in young adults and little effect in old people (Truswell,
1992).
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Edelstein et al (1992), suggested that the 2.5 percent reduction in cholesterol levels 
that resulted from eating at least three meals a day would be clinically significant. 
Results from the Framingham study suggested that a 1 percent reduction in total 
cholesterol translated into an approximate 2 percent reduction in risk of CHD.
There is growing evidence that excess body weight is associated with deleterious 
changes in the lipoprotein profile. Higher BMI has been associated at all ages and 
both sexes with a higher plasma triglyceride level, a lower HDL cholesterol level, and 
higher total and non-HDL cholesterol levels (Denke et al, 1993).
There is also growing evidence that a low HDL (<35 mg/dL) increases risk for CHD; 
on the other hand, a high HDL cholesterol of 60 mg/dL appears to be protective 
against coronary heart disease, and is called a negative risk factor (JAMA, 1993). 
However, individuals at risk, with a total cholesterol of 240 mg/dL or greater, should 
have a lipoprotein analysis (JAMA, 1993).
Epidemiological studies have also confirmed that a correlation exists between body 
weight and blood pressure in both adults and children. Serum cholesterol, blood 
glucose, and blood pressure increase with increasing body weight in adults and 
children. Upper body obesity, caused by excessive intake of calories, increases 
cardiovascular risk factors, probably as a result of hyperinsulinaemia (Martinez et al,
1993).
A study conducted in Canada (Reeder et al., 1992) observed that the prevalence of 
obesity (BMI > 27) increased with age and was greater in men (35 %) than in women 
(27 %). Abdominal obesity was likewise higher in men and increased with both age 
and BMI. The prevalence of high blood pressure was found to be greater in those 
with a higher BMI, especially in those with a high WHR, although total plasma 
cholesterol levels increased only modestly with BMI. Levels of low density 
lipoprotein (LDL) cholesterol and triglycerides and the ratio of total cholesterol to 
high density lipoprotein (HDL) cholesterol increased steadily, while HDL cholesterol
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decreased consistently with increasing BMI. In this study, raised total cholesterol 
levels (> 5.2 mmol/L) were more prevalent among people with high BMI, especially 
those with a high WHR. The prevalence of diabetes increased with BMI among those 
35 years of age or older, especially in those with abdominal obesity.
Diabetes Mellitus is another common health problem. Although the number of deaths 
due to diabetes may be under-reported, it has been estimated that about 4 % of total 
deaths in Bahrain deaths occurring at 45 years of age and over, are due to diabetes. 
In 1987, the death rates from diabetes for those 65-74 years old was 242 and 345 per
100,000 for males and females respectively. The main type of diabetes in Bahrain is 
non-insulin dependent diabetes (type II). This kind of diabetes is mostly linked with 
obesity (Musaiger, 1991).
The effect of obesity in precipitating biochemical and clinical evidence of DM is well 
known (Bray, 1979). Diabetes is a multifactorial disease. There is a strong family 
influence, though this may be partly because eating habits and body weight are 
influenced by the family. Vague et al (1979) emphasized that the risk of diabetes and 
other complications of obesity seems to be associated with individuals whose excess 
body fat has an android distribution, i.e. with fat mainly on the upper part of the body 
or inter-abdominal rather than on the hips or buttocks (subcutaneous). In people with 
a high waist/hip ratio (WHR), this relationship between fat distribution and the 
metabolic complications of obesity has recently been confirmed (Roval College o f  
Physicians Report. 1983; Truswell, 1992).
A study published over 10 years ago (Musaiger, 1985) on nutritional disorders among 
hospitalized patients in Bahrain indicated that the prevalence of diabetes was much 
higher in urban than rural areas. In 1982, approximately 30 % of the diabetics were 
from Muharraq city, and the same percentage (30 %) were reported for Manama city 
(the capital), while the prevalence in rural areas was very low: 1.9% for the western 
region, 3.4 % for Sitra, and 3.4 % for the northern region.
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A recent study on diabetes performed at the health centres in Bahrain indicated that 
more than 80 % of patients with NIDDM are obese (Al-Mula hermis et al, 1993).
5.2-Aim o f the study:
The aim of this study was to examine some biomedical parameters of representative 
obese and average weight Bahraini women visiting two health centres in Bahrain 
(Shaikh Salman Health Centre, and Muharraq Health Centre). It was intended to 
determine the association between body fat pattern, as determined by the BMI, and 
WHR, and metabolic profile. The metabolic profile was obtained by measuring the 
levels of serum triglycerides, total serum cholesterol, low-density lipoprotein 
cholesterol, and high-density lipoprotein cholesterol as well as glucose level in their 
blood samples. The study was also conducted to determine if the occurrence of 
certain diseases, such as diabetes, hyperlipidaemia, hypercholesterolaemia, and 
cardiovascular disease, as well as fat pattern in these women is associated with 
obesity.
5.3- Methods:
5.3.1- Demographic Data:
The population selected for the study were 19 of the average weight, and 21 of the 
obese Bahraini women who were examined in the previous study (“The Family 
Study”; Chapter 4). The characteristics as well as the demographic data were 
determined, i.e. family income, residence, education, type of work, social status, etc. 
by administration of the same questionnaire as that used in Chapters 2, 3 and 4. 
These subjects were informed about the objectives of the study before they agreed to 
participate and to give a sample of blood for analysis.
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5.3.2- Blood Serum Analysis:
The blood samples were collected by venepuncture with the assistance of a trained 
nurse from the Gulf Medical Laboratory. After collection, the blood samples were 
allowed to clot and the serum separated by centrifugation. The serum samples were 
frozen at -20°C and remained at that temperature until analyzed. The women were 
divided into groups according to their BMI: Group I with BMI measuring 20-24.9 
(i.e. average weight group or ideal body weight); Group II with BMI >30+ (i.e. the 
obese group). The laboratory analysis was performed by using a spectrophotometer 
(Stanbio Laboratory Techniques Manual, San Antonio, Texas, 1995). Laboratory 
equipment used in the analysis included a Vortex Mixer, MGE centrifuge, and Stat 
Fax Analyzer. Tests were performed to measure total serum cholesterol, triglycerides, 
HDL-cholesterol and glucose. For all these tests, blood samples were collected from 
the subjects after they had followed a 12 hour fast.
5.3.3- Procedures:
The procedures and techniques used to measure total serum cholesterol, triglycerides, 
HDL-cholesterol and glucose in the blood samples of the participants in this study are 
based on those described in the Stanbio Laboratory Manual (San Antonio, Texas,
1995) (See Appendix 5).
5.3.4- Statistical Analysis:
The Oxstat statistical program, and Microsoft Excel, were used to analyze the data in 
this study. The un-paired students t-test was used to analyze the differences between 
the two groups chosen for this study, Bahraini women of average weight BMI 
20-25 ( group A), and those judged to be overweight or obese, BMI > 30 (group B).
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5.4- Results:
The results showed no significant difference in the mean age, or mean WHR between 
the two groups of women with different BMIs. The mean BMI values were, as 
expected, significantly different since the mean BMIs were 23 and 35 for the average 
weight and obese groups, respectively, (Table 5.1).
Table 5.1 Age, BMI, WHR, Serum glucose and lipid indices of Bahraini women 
with average and elevated BMI values. Values given in this table are 
means ± S D and ranges ( ).
Subject's age, BMI, 
WHR & Biochemical 
Parameter & it's 
Normal Values( )
Group A  
(B M I 20-25) 
( n - 1 9 )
Group B  
(B M I >30) 
(n =  21)
Level o f Significance
Mean ± S  D 
& Ranges
Mean ± S D  
& Ranges
Significance P
Value
Age ( Years ) 30.7 ±4.2  
(2 3 -3 7 )
30.4 ± 4.5 
(2 3 -4 0 )
ns 0.85
BMI 22.8 ±1.68  
(2 0 -2 5 )
34.6 ±4.8  
( 30 - 45 )
*** 0.000
Waist/Hip Ratio 0.80 ± 0.07 
(0 .7 -0 .9 6 )
0.82 ± 0.05 
( 0.74 - 0.94 )
ns 0.35
Glucose (mg/dL) 
(70-105)
74 ±12  
(5 6 -1 0 0 )
76 ±14  
(5 6 -1 2 2  )
ns 0.52
Cholesterol(mg/dL)
(150-250)
171 ±33  
(1 0 4 -2 3 3 )
183 ±32  
(1 3 6 -2 4 0 )
ns 0.261
Triglyceride(mg/dL)
(30-150)
90 ±31  
(4 1 -1 3 8 )
120 ±62  
(6 1 -2 9 9 )
ns 0.056
HDL(mg/dL)
(3 0 -8 5 )
48 ±10  
(3 0 -6 2  )
41 ± 9  
(2 5 -5 7 )
* 0.025
LDL (mg/dL)
(65-175 mg/dL)
101 ±32  
(5 3 -1 6 9 )
117 ±27  
( 70 - 165 )
ns 0.079
HDL/LDL Ratio 
(0.46-0.49)
0.54 ±0.22 
(0 .2 -1 .1 )
0.37 ± 0.13 
( 0.2 - 0.8 )
** 0.008
where * = P < 0.05, ** = P < 0.0! , *** = P < 0.001, ns = non-significant
Serum glucose concentrations were within the normal range levels in the whole 
sample with no distinction between average weight and obese subjects. Mean values 
were 74 and 76 mmol/L, and the ranges were 56-100 mmol/L and 56-122 mmol/L in 
the average weight and obese groups, respectively (Table 5.1).
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The results have shown that three lipid metabolism parameters, serum cholesterol, 
triglyceride and LDL levels, were all elevated in the group of obese women relative to 
the group with normal body weight (normal BMI values) with the percentages of 
increase being 12 %, 30 % and 16 %, respectively, but these values did not reach 
statistical significance.
The normal range in the Bahraini women for some biomedical parameters were as 
follows: total serum cholesterol 150-250 mg/dL, HDL-cholesterol: 30-85 mg/dL, 
LDL-cholesterol: 65-175 mg/dL, triglycerides: 30-150 mg/dL, and glucose: 70-105 
mg/dL.
The results have also shown that the serum HDL concentration was significantly 
higher (p < 0.05) and the mean HDL/LDL ratio was significantly higher (P < 0.01) in 
the average weight group relative to the group of obese women. It should be noted 
that the normal average range for HDL/LDL ratio is 0.46-0.49. It was interesting to 
observe that whereas the group of women with normal weight had a very favorable 
mean HDL/LDL ratio of 0.54, the group of obese women had a mean of 0.37 for 
this ratio, clearly less favorable with regard to the likelihood of development of 
atherosclerosis and heart disease (Table 5.1).
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Table 5.2 Numbers and percentages of the occurrence of some diseases in obese women 
( BMI > 30 ) and average weight Bahraini women ( BMI 20-25.9 ).
Incidence of Disease Group A (BM I20-25) 
(n = 19)
Group B ( BMI > 30) 
( n —21)
# % # %
Diabetes 2 * 10.5 % * 1* 5% *
Hypertension 1 * 5.3 % * 2 * 10 % *
High Cholesterol Level 0 0% 3 14.3 %
Cardiovascular Diseases 0 0% 0 0%
Backache 3 16% 14 67%
Arthritis 0 0% 2 10%
Thyroid Dysfunction 0 0% 2 10%
Kidney Stone 0 0% 1 5%
Anemia 3 16% 2 10%
* Indicate that these diseases occurred during pregnancy only.
Table 5.2 shows that when the occurrence of different diseases in the two groups of 
women was examined there were no real differences between the groups, with the 
exception of backache which was present in 67 % of the obese women compared with 
16 % of the average weight women.
Table 5.3 Numbers and percentages of obese women ( BMI > 30 ) and average weight 
Bahraini women ( BMI 20-25.9) practicing of sports.
Variable Tested Group A (BMI20-25) 
(n — 19)
Group B ( BMI >30) 
( n —21)
# % # %
Practicing sports 11 57.9 % 5 23.8 %
It was also found in this study that fewer (5 or 23.8 %) of the obese women practiced 
sports compared with 11 women of average weight. When tested statistically, using 
a t-test, this difference was not significantly different (P = 0.098).
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Table 5.4: The numbers and percentages of the occurrence of different diseases in 
the first degree relatives of the average weight and obese Bahraini 
women’s groups, as reported by these women.
Average Weight Group 
( n - 1 9 )
Obese Group 
(n =  21)
Relative Diseases # % Relative Diseases # %
Mothers Diabetes 2 5 Mothers Diabetes 1 2.5
(n  = 6) Hypertension 1 2.5 (n = 8) Hypertension 1 2.5
Hypertension
Diabetes
Arthritis
1 2.5 Diabetes Hypertension 1 2.5
Hypertension 
Cardiovascular disease
1 2.5 Hypertension 
Kidney Stones
1 2.5
Hypercholesterolaemia
Diabetes
1 2.5 Gall Stones 1 2.5
Anemia 5
Fathers Diabetes 5 Fathers Diabetes 4 10
(n  = 4 ) Hypertension Diabetes 1 2.5 (n  = 9) Diabetes Hypertension 1 2.5
Hypercholesterolaemia 1 2.5 Diabetes Hypertension 
Cardiovascular
5
Cardiovascular disease 1 2.5
Diabetes Hypertension 
Arthritis
1 2.5
Arthritis 1 2.5
Brothers Diabetes 2 5 Brothers Hypercholesterolaemia 1 2.5
(n =  3 ) Hypercholesterolaemia 1 2.5 (n = l )
Sisters 
(n  = 0)
Sisters 
(n = l)
Hypertension 1 2.5
Grand­
mothers
Diabetes
Hypertension
1 2.5 Grand­
mothers
Diabetes 1 2.5
(n  = l ) (n  = 3) Diabetes 
Hypertension 
Cardiovascular disease
1 2.5
Hypertension 
Cardiovascular disease
1 2.5
Aunts Hypertension 2 5 Aunts Diabetes 3 7.5
(n = 4 ) Hypertension 
Cardiovascular disease
1 2.5 (n  = l l ) Diabetes
Hypertension
5 12.
5
Diabetes 1 2.5 Hypertension 1 2.5
Hypercholesterolaemia 1 2.5
Cardiovascular disease 1 2.5
Uncles 
(  n =2)
Diabetes 2 5 Uncles 
(n = l )
Diabetes 1 2.5
Cousins Diabetes 1 2.5 Cousins None reported
( n —3) Diabetes
Hypertension
1 2.5
Arthritis 1 2.5
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It was observed that 14.3 % of mothers and 47.6 % of the fathers of obese subjects 
had obesity-related diseases such as diabetes, hypertension, arthritis, 
hypercholesterolemia, and cardiovascular diseases, while 31.5 % and 21.1 % 
respectively, of the mothers and fathers of the women of average weight suffered from 
an obesity-related disease. It was also found that a high percentage of other first- 
degree relatives, such as brothers, sisters, aunts, uncles, and cousins, were identified 
as having diseases related to obesity i.e. high cholesterol levels, cardiovascular 
diseases and diabetes. This observation was valid for both groups, average weight or 
obese women (Table 5.3).
5.5- Discussion:
The rapid economic growth in Bahrain after the discovery of oil has lead to several 
social changes such as greater availability of housemaids, cars, televisions, and other 
household appliances, all of which have contributed to a more sedentary life style. 
Television watching represents the main leisure-time activity during which snacks are 
frequently consumed (Kamel and Martinez, 1984; Musaiger, 1993). In addition, 
there has been a change from a traditional diet to a westernized diet (i.e. an increase in 
the consumption of fat and decrease in fibre). All these factors have had a great 
impact on the nutritional and health status of the community and caused an increased 
prevalence of obesity and its related diseases, especially diseases of the circulatory 
system, which were recently identified as the main leading cause of death in Bahrain 
(Annual Report o f Public Health. 1994). Similar findings were reported in the United 
States, where cardiovascular disease has become the leading cause of death in 
Americans (Ellis and Campos-Outcalt, 1994), although Northern Ireland, remains at 
the top of the world mortality league for coronary heart disease (Boreham et al, 1993).
Obesity has been found to be more prevalent in Bahraini women than Bahraini men 
(Al-Mannai et al., 1996)(see Chapter 2). A similar result was obtained by Al-Attas 
and co-workers (1990) in obese Saudi diabetic patients where obesity was found 
more frequently in females (82.7 %) than in males (40.9 %). Children of obese 
Bahraini women consume more food as measured by their energy intake. Therefore,
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obese women may influence the occurrence of obesity in their children because they 
are the food providers in these families (Figure 4.4). All of these factors initiated an 
interest in the investigation of some clinical parameters in obese and average weight 
Bahraini women to determine if they differed in their susceptibility to developing 
obesity-related diseases.
The two groups of women were of similar age but differed significantly in their 
BMIs. However, their waist/hip ratio was similar. This indicates that the differences 
in fat content contributing to the higher BMI in the obese group were due to higher fat 
deposition in the upper part of the body (i.e. arms and shoulders)(Al-Mannai et al.,
1996). However, the blood chemistry analysis showed that this kind of obesity in 
females was not associated with differences in their blood glucose concentrations. 
Additionally, obesity was not associated with significant differences in either serum 
cholesterol or triglycerides levels. The only statistically significant difference between 
groups was in the level of HDL cholesterol. Furthermore, the ratio of HDL to LDL 
was significantly lower in the obese subjects. The results of this study have special 
significance because this is the first time that a study is conducted in Bahrain in which 
the BMI values together with the parameters of lipid metabolism are reported. These 
findings agree with those of Gordon et al (1977) and Glueck et al (1980) who also 
reported that HDL concentrations and HDL/LDL ratio were reduced in obese persons. 
It is these changes in HDL concentration which could increase the likelihood of 
development of atherosclerosis and coronary heart diseases.
Other studies have also indicated that the total and low-density lipoprotein (LDL) 
cholesterol have been found to be normal or elevated in obese subjects (Assman and 
Schulte., 1992). In the U.S.A, it was concluded that for young white obese women, 
excess body weight was associated with higher total, non-HDL and LDL-cholesterol 
levels, higher triglyceride levels, and lower LDL-cholesterol levels. Although age and 
hormonal status were important factors affecting lipoprotein risk factors, body weight 
also worsened the degree of dyslipidemia in white women (Denke et al, 1994).
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In Germany, studies on the effect of obesity on hyperlipidemia indicated that in 38 % 
of the participants from West Germany, three or more risk factors were found per 
person (Stehle et al, 1992). In Verona, Italy, significant differences were found in all 
metabolic and hemodynamic variables among quartiles of total body fat (Bonora. et 
al, 1992). Triglycerides, insulin, and blood pressure were significantly different 
among quartiles of waist/hip ratio, but these differences were observed after the 
authors controlled for the independent effect of total body fat. Their results indicate 
that in young men an excess of body fat, irrespective of its regional localization was 
associated with a risk for atherosclerosis. On the other hand, the prevalent localization 
of fat in the central part of the body was not independently associated with any risk 
factor (Bonora et al., 1992).
Several other studies have indicated clear and consistent associations between obesity 
and abnormalities of lipoproteins. These include both increases in very low density 
lipoproteins (VLDL) and lower HDL, which were observed in both men and women. 
A high production of total body cholesterol in obese subjects, probably associated 
with increased flux of glucose and free fatty acids, leads to a greater production of 
VLDL. This, in turn, creates flux of metabolic products of VLDL either back to the 
liver or through LDL. Obesity induces an increase in hepatic lipase, perhaps, in 
women, because of lower estrogen levels, which is associated with lower HDL 
concentrations, and altered HDL composition. Several of these observed changes, 
such as the greater proportion of VLDL remnants, the greater flux of particles through 
the LDL compartment, and the altered HDL composition, may be associated with 
increased atherosclerosis. However, preliminary data do not show a relationship 
between obesity and death from coronary heart disease in this population. More 
studies are needed to resolve this apparent conflict (Howard, 1992).
It is generally accepted that higher HDL/LDL ratios are favorable factors that militate 
against the development of atherosclerosis and myocardial infarction. One possible 
mechanism for the protective action of HDL is that the HDL, usually low in 
cholesterol and rich in phospholipids, facilitates clearance of cholesterol from the
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atheromatous plaque and its transport to the liver, where it may be excreted rather than 
reutilized in further synthesis of LDL (Murray et al., 1988; Cotran et al., 1989).
On the basis of the present results, it can be concluded that the group of obese women 
showed adverse parameters of lipid metabolism relative to women with normal body 
weight. Hence it was proven here that obese women are more prone to develop 
atherosclerosis and coronary heart disease than women with average body weights.
It was observed in this study that 5 %, 10 % and 14 % of obese mothers were at risk 
of having certain complications of pregnancy, including glucose intolerance, 
hypertension, and thromboembolic diseases. These findings are in agreement with 
those reported by Peckham and Christianson (1971).
Body fat accumulation as represented by WHR is believed to be associated with 
several obesity-related diseases such as NIDDM (Chan et al, 1994), insulin resistance 
(Landin et al, 1990), cardiovascular diseases, and increased lipolysis (Lapidus et al, 
1984; Larsson et al, 1984; Lapidus et al, 1989; and Larsson et al, 1989). However, in 
this study no correlation was found between the WHR of obese Bahraini women and 
the occurrence of certain cardiovascular diseases. Richeleson concluded that the 
impaired lipid profile (high triglyceride, low HDL-cholesterol), could only be related 
to BMI and not to WHR in obese females (Richeleson et al, 1993). An interesting 
finding observed in a Danish population, was that, in men, more of the variation in the 
blood lipids could be explained by the overall obesity than by abdominal obesity, 
whereas in women the reverse was true (Heitmann, 1992). In this study a significant 
positive association was found between serum cholesterol level, and BMI. A similar 
finding was obtained between the two variables in a study on Japanese adults (Kurata 
etal, 1990).
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5.6- Conclusion andRecommendatiosn:
1- A major strategy of primary prevention of coronary heart diseases is to advise 
people generally to modify their diet to achieve a modest reduction in plasma total 
cholesterol.
2- For individuals at increased risk of coronary heart diseases, a strict cholesterol 
lowering diet should be prescribed. Dietary changes may be the first course of action 
in the treatment of hypercholesterolaemia. Prospective observations are needed, 
however, to determine whether reducing cholesterol through increased meal frequency 
can achieve a significant reduction in CHD risk. Drug therapy for hyper- 
cholesterolaemeia may be reserved for patients who are considered to be at high risk 
for CHD.
3- Clinical management of high blood cholesterol includes several steps: serum total 
cholesterol should be measured in all adults 20 years of age and older at least once 
every 5 years; HDL should be measured at the same time. These measurements 
should be made in the nonfasting state. In individuals free of CHD, total cholesterol 
levels < 200 mg/dL (5.2 mmol/L) are classified as desirable serum cholesterol levels, 
while those from 200 to 239 mg/dL (6.2 mmol/L) or greater are classified as high 
blood cholesterol levels. The cut-off point that defines high blood cholesterol (240 
mg/dL [6.2 mmol/L] is a value above which risk for CHD rises more steeply (The 
Third National Health and Nutrition Examination Survey, or NHANES III). An HDL 
cholesterol level < 3 5  mg/dL (0.9 mmol/L) is defined as low, and a low HDL 
cholesterol level constitutes a CHD risk factor.
4- Exercise is another important strategy to prevent and to reduce the effect of 
complications of obesity, such as DM, hypercholesteremia and CVD.
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Chapter 6 
Summary and Conclusions
Obesity is a major problem for affluent nations. Estimates of its prevalence range 
from 10 to 47 % or more in an adult population, depending upon the criteria used to 
define the condition and the country investigated (Van Gaal, 1987). Obesity is 
related to nutritional status, indicating, on the one hand, the existence of nutritional 
luxury or overindulgence, and, simultaneously, a state of malnutrition because of 
the supposed disadvantages to health of obesity (Dumin, 1986). In spite of increased 
interest in fitness, obesity in children and adults is increasing. It is a risk factor for 
a whole range of medical conditions, including cardiovascular diseases, diabetes 
mellitus, arthritis, gallbladder disease, cancer, respiratory dysfunction and various 
skin conditions (Gurney and Gorstein, 1988).
The Arabian Gulf countries, including Bahrain, have undergone tremendous changes 
during the twenty years or so of the oil boom period. There has been unparalleled 
development in all sectors of the nation, accompanied by distinct changes in 
socioeconomic structures and the quality of life. During this period, with the 
proliferation of televisions, computers and other forms of communication in the 
region, exposure to western influences has reached every household. In addition, there 
has been a shift from the traditional occupations of agriculture, fishing and animal 
husbandry to jobs in the oil industry, banking and commercial sectors. All of these 
factors have brought about changes in life style and dietary habits, with a consequent 
impact on the nutritional and health status in the community. For example, the recent 
increased prevalence of obesity in Bahrain has contributed to the spread of heart 
diseases, which are now the major public health problem in Bahrain (Health Statistics 
Report. 1995). This study was undertaken with the hope that a greater understanding 
of the factors contributing to the prevalence of obesity in Bahrain would yield insights 
into solutions to help the population prevent its medical effects.
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The work was divided into 3 studies. The first study was designed to examine the 
prevalence of obesity in Bahraini adults (males and females), and to identify some 
demographic and social factors associated with obesity. The aim of the second study 
was to determine how the problem of obesity was transmitted to the children of obese 
parents in Bahrain. The third study was designed to examine some biomedical 
parameters thought to be associated with the occurrence of obesity in adult females.
6.1- The Demographic Study:
The most important findings of the demographic study related to height and weight. 
In the sample of 137 male and 153 female Bahraini adults aged 20-65 years, it was 
found that the average height was 1.66 m for males and 1.53 m for females. In the 
study there was no difference in height for males living in rural or urban areas. 
However, urban females tended to be slightly taller than rural females. The findings 
of this study also might reflect racial and environmental factors since data from 
Saudi Arabia showed very similar findings in which mean heights were 1.67 m and 
1.55 m respectively (Al-Shoshan, 1990). The average heights for both male and 
female Bahraini adults proved to be shorter than the international standards. For 
example, in the U.K, an average height for males is 1.76 m and 1.61 m for females.
In the same study group, the average mean weight for male and female Bahrainis was
68.0 kg for males and 63.0 kg for females. This can be compared with data from 
Saudi Arabia, where it was found that the average mean weights were 70 kg and 64 
kg, respectively (Al-Shoshan, 1990; Table 6.1). The mean weights for American 
males and females are 70 kg and 55 kg, respectively (Table 6.1). These data, when 
compared with those of studies conducted in the US and the UK show that both 
Bahraini and Saudi males weigh, on average, less than those in the US or the UK, 
while females are similar in weight. In males the excess body weight can be 
accounted for by their muscles and bones. There may also be some racial and 
environmental factors affecting body weight which could account for the lower 
weight of Arab males, but, according to Bray (1985), it is often difficult to separate 
racial from environmental factors.
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Table 6.1 Comparison of average body weight and height of adult Bahraini 
males and females with values from other countries.
Country Mean Ht. 
Males
Mean Ht. 
Females
Mean
Wt.
Males
Mean Wt. 
Females
References
Bahrain
1.66 m 1.53 m
63 Kg. 
68 Kg.
56 Kg. 
63 Kg.
Musaiger, 1984 
Al-Mannai et al, 1996
Saudi
Arabia
1.67 m 1.55 m 70 Kg. 64 Kg. Al-Shoshan, 1990
U.K 1.76 m 1.61 m 74 kg. 62 kg. Gregory et al, 1990
U.S.A 1.78 m 1.63 m 70 Kg. 55 Kg. Al-Shoshan, 1990
Body mass index, defined as the ratio of weight (kg) divided by the square of the 
height (m ) has been found to be the most useful index to measure obesity. Obesity 
in this study was defined as a BMI >30, while overweight was defined as a BMI 
25 to 29.9. Using the BMI criterion, the prevalence of overweight found in our 
study in Bahraini adults aged 20-65 years was 26 % for males and 29 % for females, 
while the prevalence of obesity was 16 % and 31 % for males and females 
respectively. The higher prevalence of obesity in females than in males, has been 
commonly found in other countries as well (Saudi Arabia, Kuwait, the USA, and 
some other European countries; Bray, 1985; Seidel, 1989; Al-Attass et al., 1990).
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Table 6.2 Comparison of Body Mass Index of adults in different countries.
COUNTRY AGE
GROUP
OVERWEIGHT % 
BMI >25-29.9
OBESITY % 
BMI >30
REFERENCES
Yrs MALES FEMALES MALES FEMALES
BAHRAIN 20-65 26 29 16 31 AL-Mannai,
1996
SAUDI ARABIA 19-50
Adults
39 38.8
26.8
15 24.2
47.0
Al-Shoshan,
1990
KUWAIT Adults - 52.5 - 42 Al-Awadi, 1990
OMAN Adults - - - 17 Al-Awadi, 1990
U.S.A. 20- 74 31 24 12 12 Bray, 1985
UK. 16-65 34 24 6 8 Bray, 1985
Adults 48 40 8 13 Ashwell, 1994
AUSTRALIA 25-64 34 24 7 7 Bray, 1985
CANADA 20-69 40 28 9 12 Gray, 1989
NETHERLAND
S
20 + 34 24 4 6 Deursberg & 
Hatvaset, 1989
GOTHENBURG,
SWEDEN
38 — 16.3 — 5.1 Seidell, 1989
POLAND & 
WARSAW
38 — 23.6 — 7.9 Seidell,1989
VERONA,
ITALY
38 — 30.5 — 7.1 Seidell, 1989
NAPLES, ITALY Adults - 56 - 14.2 Seidell, 1989
Table 6.2 shows that the prevalence of obesity in some of the Arab Gulf Countries has 
been found to be higher than in English speaking countries (USA., Australia, and 
U.K) or European countries. The highest prevalence rate in females of 42 % was 
observed in Kuwait, followed by 31 % in Bahrain, 24.2 % in Saudi Arabia, and 
17 % in Oman. Overweight, on the other hand, has been reported to be higher in 
Naples, Italy at 56 %, followed by Kuwait at 52.5 %, Saudi Arabia 38.8 %, Verona- 
Italy 30.5 %, Bahrain 29 %, Canada 28 %, the U.S.A, U.K, Australia, and the 
Netherlands have a prevalence rate of 24 %, Warsaw, Poland and 23.6 %, and 
Gothenburg, Sweden 16.3 % (References above).
There are several reasons for the differences in obesity and overweight prevalence 
among females in different countries. The lower prevalence of overweight and obesity 
in western females when compared to those in Bahrain and other Gulf countries may 
be due to the health awareness of the complications of obesity in western countries, 
the consumption of low fat diets and the fact that females in these populations take
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more exercise as well as the genetic factors that might play a role. The energy and 
protein intake of obese girls in Bahrain was found to be significantly higher than that 
of non-obese (Zaghloul et al., 1984). In addition, the slimness of the “ideal” 
Californian or Swedish women may not be equally appreciated by other cultures like 
those of North Africa or Czechoslovakia (Dumin, 1986) and some parts in the 
Arabian Gulf Countries (Musaiger, 1990). Old and middle-aged men in Bahrain 
appear to accept overweight women more than the new generation does (Musaiger, 
1990). It has been reported in some cultures but not others that overweight is a sign 
of wealth’ status and physical attractiveness (Gurney and Gorstein, 1988).
Male obesity, on the other hand, has its highest prevalence rate of 16 % in Bahrain, 
followed by Saudi Arabia (15 %), the USA (12 %), Canada (9 %), Australia (7 %), 
the UK (6 %) and finally the Netherlands (4 %). The highest percentage of 
overweight males was found in Canada (40 %), followed by Saudi Arabia (39 %), the 
UK (34 %), Australia (34 %), the Netherlands (34 %), the USA (31 %) and, the 
lowest rate of all the countries surveyed, Bahrain (16 %).
The prevalence of overweight and obesity in both men and women can be accounted 
for by many factors, including racial and socio-economic ones. The life style and the 
type of food eaten may account for this high prevalence rate of obesity in the Gulf 
countries, including Bahrain. For example, the consumption of large quantities of 
food which is rich in energy and fat especially during social gatherings is very 
common there (Musaiger, 1987). In westernized countries obesity predominates in 
the lower socioeconomic class. Excess body weight has been found to be 7 to 12 
times more frequent in women from lower social classes than in women from the 
upper social classes (Gray, 1989). In Bahrain, obesity was found in all socio­
economic groups, although the urban participants had higher obesity rates compared 
to the rural. Other factors that may contribute to obesity in Bahrainis include a 
sedentary life style, lack of exercise, availability of food, educational level and family 
history. The widespread use of cars and the climate may also contribute to 
significantly reduced energy expenditure compared to other countries.
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In this study, it was found that the mean percentage of body fat in females (35 %) was 
almost double that in males (18.6 %). This finding was irrespective of the BMI value, 
since even thin females had a considerably high fat percentage. It was also interesting 
to see that Bahraini women had greater fat deposition in the subscapular region than 
the amount reported for American women. WHR also provides additional information 
about the risk of obesity. The average WHR of obese males in this study was 0.91, 
while in obese females it was 0.85. Gray (1989) considers the WHR of > 0.9 for men 
and >0.8 for women to represent overt obesity. Therefore, it appeared that Bahraini 
females are at higher risk of developing overt adiposity than males. Factors that 
contribute to this difference may be lack of physical activity, the sedentary life style 
to which the majority of females are accustomed, or the racial and the genetic 
influences that affect the pattern of fat distribution in these females. On the other 
hand, it is worth mentioning that a small percentage of men (16.8 %) and women 
(11.8%) were underweight or possibly malnourished (BMI < 20).
Both Bahraini men and women with a high BMI perceived themselves as overweight. 
Even those of ideal body weight perceived themselves as overweight. Furthermore, 
it was found that overweight Bahraini women are more conscious about their food 
intake when they socialize, but this was not true of those females with a BMI < 20.
6.2- The Family Study:
One hundred and six Bahraini children aged 2-12 years old were chosen in this study 
according to their mothers’ BMI. They were divided into three groups, children from 
average weight (BMI 20-25.9), overweight (BMI 25-29.9) and obese (BMI > 30) 
mothers. The obesity criterion in children was measured as being at or above the 
85th percentile by age and gender for their BMI, triceps, and subscapular thickness. 
According to this criterion 21.7 %, of Bahraini children were found to be overweight 
or obese according to their BMI percentiles. However, 14.2 % were classified as 
obese according to their triceps skinfold thickness percentiles and 31.1% were 
classified as overweight or obese according to their subscapular skinfold thickness 
percentiles. When the more stringent criterion of overweight or obesity at the 90th
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percentile or above was employed, the rates of obesity in Bahraini children in the 
study fell to 14.2 %, 8.5 %, and 17.7 % for BMI, triceps, and subscapular percentiles, 
respectively.
It was found that the father’s BMI was associated more strongly with children’s 
obesity than the mother’s BMI. This finding may explain the genetic influence of the 
father on their children’s obesity, and that the father’s BMI is an important and 
strong predictor of children’s obesity as is the mother’s BMI. However, the energy 
intake of the children was related more to the mother’s BMI. This may reflect the role 
of the mother as being the food provider for their children, especially in a society like 
Bahrain where a considerable numbers of the mothers were unemployed and their 
main role is to care for the family and children. A possible explanation for these two 
important observations is that the genetic factor was more apparent from the father’s 
side whereas the mother’s dietary attitude was more influential in the children 
developing obesity. It was also apparent that nearly one third of the children had an 
energy intake which was < 50 % lower than the RDA (i.e. consumed a diet containing 
less than half the recommended daily allowance for energy), thus indicating a form 
of undemutrition or possibly malnutrition in Bahraini children. Although there might 
be some misjudgment because most of these data were based on the parents reporting 
the food eaten by their children and not based on actual quantities consumed by the 
children. From these observations it can be concluded that in a community-based 
family study, from both fathers and mothers data should be examined to determine 
their influences on their children’s obesity and/or undemutrition. Although the huge 
number of variables generated in such a study would increase its complexity, this 
would allow the overall findings to be more open to generalization.
6.3- The Clinical Study:
In the clinical study, it appeared that there was no significant difference in the blood 
glucose level between the group of obese and the average weight women. However, 
the lipid profile revealed differences with respect to cholesterol, triglyceride and 
LDL levels. These were all elevated in the obese women’s group compared to the non
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obese/average weight group. On the other hand, the HDL concentration and 
HDL/LDL ratio were significantly higher in the average weight than the obese 
women’s group (P = 0.008). The range for the HDL/LDL ratio was 0.46-0.49, while 
the mean ratio for the average and obese group was 0.54 and 0.37, respectively. 
Examination of social factors revealed that there were more average weight women 
practicing sport compared to the obese group. There were no differences between the 
two groups with respect to the health consequences of obesity, although backache 
was more frequently reported by obese overweight women or (67 %) compared to the 
average weight women (16 %). It is clear that morbidity was affected by BMI 
measures, and that obese women were more likely to have un abnormal lipid profile 
compared with average weight women. Therefore, these women should be educated 
about the health consequences of obesity. It should be stressed that maintaining a 
desirable body weight is rather more important to prevent health risk factors than 
treating obesity complications when they occurr.
6.4- Recommendations:
6.4.1- Further Studies:
More work should be directed towards identifying the genes that contribute to obesity 
and their mode of action. However, the lack of a consensus regarding the biological 
basis of obesity makes the selection of appropriate candidate genes difficult. 
Nonetheless, the study of human genes homologous to the mouse genes that lead to 
obesity in particular strains of inbred mice may yet give clues to the location and 
identity of obesity-related genes. Human populations in which obesity is particularly 
prevalent may serve as a substrate for identifying such genes in the general population 
(Ferrell, 1993). Since some people are more at risk of becoming overweight or obese 
they probably store or mobilize fat more readily than others. More work is needed to 
elucidate the relative importance of genetic versus nongenetic determinants of 
overweight and obesity (Bouchard, 1991).
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Behavioural factors such as smoking, eating patterns, quantities and quality of food 
eaten, exercise or activity, and other psychological factors such as stress, all have 
effects on the development of obesity and overweight and need further investigation.
In addition, research concerning the effectiveness of the treatments for obesity, needs 
to be done in Bahrain to establish which types of treatment are more likely to be 
popular and acceptable by the Bahraini population.
Since the anthropometric profile of some subjects in this study revealed evidence of 
undemutrition in some Bahraini children and to a lesser extent in Bahraini adults, 
coexisting with emergent obesity, attention should be given to the existence of this 
form of malnutrition as another serious nutritional problem in Bahrain.
6.4.2- Recommended Measures and Policies for the Control o f Obesity:
Given the high prevalence of obesity in Bahrain, large proportions of Bahrainis would 
need to be targeted for programs aimed at weight reduction or at the prevention of 
weight gain. A consequence of this may be that some obese individuals may be 
vulnerable to exploitation or mismanagement based on inadequate or inappropriate 
approaches. No matter how great the apparent mandate for weight reduction in 
minority populations, effective weight reduction methods, with proven benefits, are 
necessary to support relevant public education, public policies, and treatment 
guidelines. One critical issue within this sphere, centres on the development of 
obesity prevention strategies (for example, targeting adolescent and young adult 
women with weight control education programs) that do not simply push minority 
populations toward eating disorders.
The establishment of several nutritional/dietetic departments in each hospital in 
Bahrain reflects increasing awareness regarding obesity and other nutritional 
problems and the effectiveness of nutrition counselling in treating individual patients. 
Suggestions for possible preventive measures to tackle the problem of obesity in 
Bahrain include the following:
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1- The preventive health services (including the community nutrition department) 
should initiate a multidisciplinary effort to raise the awareness of the public and 
to upgrade nutritional knowledge through school curricula and health care services. 
A nutrition education program should be particularly directed to overweight 
individuals of young age who are confirmed candidates for adulthood obesity. Special 
attention should also be given to people with an abnormal fat distribution, since they 
are more at risk for developing diseases and for early death than others.
2- As the occurrence of obesity is the result of gradual and imperceptible weight gain 
over the years, so weight reduction is a matter of daily resistance to small excesses in 
energy intake, in addition to regular exercise. Nutrition education as part of health 
education, at various levels, in clinics and hospitals, schools, college, and through 
mass media should concentrate on weight control at certain times when overweight is 
most likely to occur, e.g. during pregnancy, after menopause, when physical activity 
is reduced for any cause, and after giving up smoking. The pregnant women should be 
taught how to prevent excessive weight gain in themselves and should also learn how 
to guard against inducing obesity in their offspring during early childhood that may 
lead to lifelong obesity.
3- Obese children should be encouraged to bring their weight to within normal limits. 
Because dietary restrictions can adversely affect parent- child relationships, eating 
behaviour, and growth and maturation, any dietary restrictions must be carefully 
monitored by health personnel, e.g. physicians and nurses. Prevention, by being aware 
of energy balance in childhood and adult life remains the only sure way of avoiding 
overweight. To combat childhood obesity in Bahrain, which affected one fifth of the 
children in this study (using BMI > 85th percentile), efforts should involve behavioral 
modification (dietary and lifestyle patterns as well as dietary counselling) of the entire 
family especially the mother and the target child, paticularly when the problem of 
obesity is severe. Eating habits should be monitered closely in families where there is 
a tendency to develop obesity.
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4- Another possible preventive measure for reducing overweight is increasing 
exercise, which may be of more value than reduction of food intakes and therefore 
should be encouraged.
5- The improvement of clinical and laboratory assessments of nutritional status 
should be emphasized to heighten the detection of the problem of obesity in Bahrain. 
Routine measurements of height and weight, skinfold thickness and calculation of 
BMI, should be encouraged.
In conclusion, the development of national nutrition and health policies to address 
the problems of both weight deficit and excess in the Bahraini population represent 
a pressing challenges for the present and the future.
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Appendix 1
“  The Prevalence of Obesity in Different Countries 99
A l-  In Arabian Gulf Countries:
AL1- In Saudi Arabia:
A cross-sectional study of young Saudi females attending 15 health centres in urban 
and rural areas in the Riyadh region was conducted in 1992. Al-Shammari et al, 
(1994) showed that the mean BMI was 29.2 ±7.0 kg/m2. Only 26.1 % of subjects 
were within their ideal weight (BMI < 25 kg/m2), while 26.8 % were overweight 
(BMI 25-29.9 kg/m2), 41.9 % were moderately obese (BMI 30-40 kg/m2) and 5.1 % 
were morbidly obese (BMI >30 kg/m2). High-risk groups for obesity were mostly 
middle aged, multiparous housewives. Patients living in rural areas had greater BMIs 
than those living in urban areas (p < 0.01). Thirty percent of overweight participants 
did not think they were overweight (Al-Shammari et al, 1994).
The prevalence of obesity was examined among young Saudi female medical and 
nursing students aged 18-25 years (Rasheed et al, 1994). The criteria for obesity used 
in this study were BMI > 25 and triceps skinfold measurements of > 25 mm ( > 85th 
percentile for ages 18-24 years). The prevalence rate of obesity was found to be 
30.6 % with more girls falling in grade I (26.1 %) than the grade II (4.5 %); 16.8 % of 
students were observed to be obese indicating variation in the sensitivity of the two 
indices as measures of body fatness. The prevalence of obesity in these young Saudi 
women was notably high and supports findings of earlier studies for a common 
occurrence of female obesity in this region.
Al-Shammari (1994) studied transcultural attitudes towards being overweight in 
patients attending health centre in Riyadh. He assessed the differences in body 
weights among various nationalities living in Riyadh with particular reference to the 
effect of sociodemographic characteristics of participants on their attitudes towards
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body weight. Participants were taken from 15 health centres representing the five 
sections of Riyadh and results showed that obesity was more common among other 
Arabs (43.8 %) and Saudis (36.4 %) than among Indians (27.7 %) and westerners 
(30.1 %). Female subjects of all nationalities were more obese than their male 
counterparts. The body weight of females, compared with that of males, increased 
with age, with lower physical activities, low levels of education, and marital status. 
All these differences were statistically significant. When comparing positive 
predictive value of the opinion of the participants on their BMI, it was found that the 
Indians (87.2 %) were less likely to be correct when they judged their degree of 
overweight than Saudis (92.2 %), westerners (92.8 %), and other Arabs (95.4 %). 
However, positive predictive values varied with the participants’ sociodemographic 
characteristics (Al-Shammari et al., 1994).
Another study compared Saudi women with European women. The results indicated 
that the Saudi women were on average more obese than their European counterparts, 
with a preponderance of abdominal obesity. This was discussed in terms of socio­
economic changes which this area has undergone in the last 50 years (Al-Rehami and 
Bjomtorp., 1992).
Obesity in Saudi Arabia was also studied in conjunction with diabetes mellitus (DM) 
in 5222 rural subjects aged 15 and above (Fatani et al, 1987). Males and females were 
considered obese if their BMIs were > 27.0 and 25.0 respectively. An overall 
prevalence of 4.3 % of DM was shown. The prevalence in females was 5.9 % and 
was twice that of males (2.9 %). Of the diabetic subjects, 41.2 % were obese 
compared to 29.3 % of non-diabetic subjects and the prevalence increased with age, 
sex and income status. The impact of modernization occurring in the area over the 
last two decades, resulting in changes in life style, diet, exercise, and urbanization, 
has probably contributed to the higher prevalence of the disease in the area.
Metabolic indices were also assessed in 217 Saudi diabetic patients and 57 control 
subjects as related to their BMI (Al-Attas et al., 1990). Patients with BMI values
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> 27 in males and > 25 in females were considered obese. Obesity was found to be 
more prevalent in females (82.7 %) than in males (40.9 %)(P < 0.01). Basal glucose 
and HbAlC levels were lower in obese males than in females. C-peptide levels were 
higher (P <0.01) in the obese subjects than in the non-obese. Within the obese group 
C-peptide levels were higher in males than in females. Triglycerides and total lipids 
were also higher in the obese group. It was suggested that a varying degree of obesity 
influenced the rate of both beta cell secretion, insulin resistance and impaired lipid 
metabolism.
A1.2- In Kuwait:
The prevalence of overweight and obesity has been studied in Kuwait by comparing 
weight and height with standard height/ weight tables issued by the Nutrition Institute 
in Cairo, Egypt (Al-Awadi and Amine, 1989). Adult females were considered 
overweight when their body weight was 110-120 % of the standard value and 
classified as obese when their weight was more than 120% of their standard weight 
for height. According to these criteria, 52.2 % of Kuwaiti females were overweight 
and 42 % were obese. The numbers increased with age. Obesity was more prevalent 
among illiterate females and those with only primary education (49.0 % and 51.1% 
respectively), while it was (29.2 %) among females with a university education. The 
latter group was the most overweight. However, there were fewer obese and more 
overweight females the higher the standard of education. A similar pattern was 
reported for the husband’s standard of education. Obesity was more prevalent (46.8 
%) in non-working women, while 36.8 % of those in management and 32.9 % of 
those overweight were (47.7 %), (56.9 %) and (62.2 %). Obesity was significantly 
higher among wives of illiterate husbands The prevalence of obesity increased with 
family size while that of overweight fell. A similar pattern was found with the number 
of children. Family income was inversely related to the prevalence of obesity and 
positively related to overweight.
In another study on obese Arab women in Kuwait, obesity was measured in relation 
to glucose tolerance (Emara et al, 1989). Results have shown that a relatively high
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prevalence of glucose intolerance (13.7 %) and unsuspected diabetes (7.8 %) was 
found in woman with gross obesity. Closer analysis revealed that the majority of 
these abnormalities were found in women with predominantly upper segment fat 
deposition. It was concluded that measurement of indices reflecting body fat 
distribution were more useful in identifying women with abnormal glucose tolerance 
than BMI or weight.
A1.3- In Oman:
The prevalence of obesity and factors determining it in Oman has not been well 
investigated. A study by Amine (1980) showed that 17 % of Omani adult females 
were obese, using weight for height standard. The latest survey done for UNICEF 
showed that about 45.5 % of Omani mothers were overweight or obese, an increase 
of 28.5 % from 1980-1990 (Musaiger, 1992 ).
A.2- In Other Arab Countries:
A2A- In Egypt:
Two hundred and fifty Egyptian patients (180 females and 70 males) with varying 
degree of obesity divided in to 6 groups according to age were studied: group I, age 1- 
10, group II age 11-20; group III, age 21-30; group IV, age 31-40; group V, age 41- 
50; and group VI, age 51-70 (Madwar et al., 1977). The results showed the highest 
percentage of obesity was in the age group 11-20 (79.8 %) and the lowest percentage 
was in the age group 1-10. There was a total mean impaired glucose tolerance of 
28.4 % which gradually increased with age. The incidence of DM was 17.6 %, 28.5 
%, 29 %, 31.7 %, and 35.1 % in the respective groups. Fat deposition in these obese 
subjects was found mainly in the abdominal wall, buttocks and subscapular regions 
and the least in the upper limbs. It was hypothesized that such fat distribution may be 
due to racial or environmental factors. Dietary intake showed the high carbohydrate 
intake that causes lipogenesis to exceed lipolysis. The incidence of DM was at its 
highest percentage above age 50. This study showed that (even at a young age) 
glucose tolerance may be impaired in obese subjects. Every patient above the age of 
18 in the study showed diminished glucose tolerance.
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A2.2-In Sudan:
Bani and Anokute (1994), observed in a study of 523 diabetic patients that obesity 
was a feature, in that 47.4 % of females and 30 % of males were determined to be in 
excess of normal body mass index (BMI) standards. A family history of diabetes 
was present in 67 % of cases. Hypertension was present in 38 % of cases; oral 
hypoglycemia in 20 %. Thirty-four percent of the patients were rural dwellers.
A .I.3- North America:
A .I.3.1- in the U.S.A:
A study by Bray (1985), on the prevalence of overweight and obesity in male and 
female adult Americans showed that the rate of overweight was 31 % and 24 %, 
and 12 % and 12 % for obesity respectively.
Trends in overweight prevalence and BMI of the US adult population were examined 
by Kuczmarski et al (1994). Between 6000 and 13,000 adults aged 20 through 74 
years were examined in each of four separate surveys during 1960 to 1962 (NHANES 
1), 1976 to 1980 (NHANES 2), and 1988 to 1991 (NHANES 3). Results indicated 
that in the period 1988 to 1991, 33.4 % of US adults 20 years of age or older 
surveyed were estimated to be overweight. Comparisons of the 1988 to 1991 
overweight prevalence with data from earlier surveys indicate dramatic increases in 
overweight and obesity in all race/ sex groups. The prevalence of overweight 
increased by 8 % from the 1976 - 1980 to 1988 - 1991 surveys. During this period, 
for adult men and women aged 20 through 74 years, mean BMI increased from 25.3 
% to 26.3 %; mean body weight increased 3.6 kg. More women (19 million) than 
men (15 million) were affected (Kuczmarski, 1992). Selected demographic factors, 
e.g. low educational attainment and low family income were associated with the 
prevalence of overweight and with the incidence of weight gain. In a 10 year period, 
women had a greater mean weight gain. The overall incidence of a major weight gain 
(i.e., an increase of five or more BMI units) was twice as great among females 
(5.3 %) than males (2.3 %). It was concluded that these data document a substantial 
increase in overweight among US adults and support the findings of other
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investigations that show notable increases in overweight during the past decade 
(Kuczmarskiet al, 1994).
Black and Hispanic Americans have a higher prevalence of overweight than do 
whites, especially among women (JAMA, 1990; Broussard et al., 1991; Pawson et 
al., 1991). Between 1960 and 1980, the prevalence of overweight among whites 
increased by 3 % in women and by 6 % in men (Williamson, 1993). Another study 
done by Croft et al, (1992) in Pitt Country, NC on black Americans in 1988, covered 
a sample of 1784 black adults, aged 25 to 50. In blacks, the prevalence of overweight 
increased to 7 % in women and by 28 % in men. Longitudinal measurements of body 
weight taken 10 years apart show that black adults younger than 55 years tended to 
gain weight, whereas those 55 years and older tended to lose weight (Williamson,
1993). Earlier studies also found that black women are more likely to be obese than 
white women, regardless of age or income level (Bray, 1979). Croft et al, (1992) also 
found that obesity is more prevalent among black women than black men. More 
women than men were at least 20 % overweight (57 % vs. 36 %). The prevalence of 
obesity was higher among blacks in Missouri, middle-aged persons, and persons with 
less education or lower family income (Sharp et al, 1993). It was concluded that 
excess BMI levels associated with low socioeconomic status in women could not be 
explained after controlling for adverse health behaviors, so further epidemiological 
study of risk factors for obesity in black women is recommended (Croft et al, 1992).
High rates of obesity have been observed among other racial groups in America. 
Among these are the Pima Indians who show such an extraordinary tendency to 
become obese that they are considered as a model of genetic obesity. After the 
second war, the traditional Pima diet changed rapidly from naturally grown produce 
to commercially produced foods and physical activity decreased tremendously. Many 
chronic medical problems such as obesity and diabetes started to occur at that time. 
By the mid 1970s, the Pima were more obese than similarly aged Caucasians. This 
obesity is also associated with the highest reported prevalence and incidence of non­
insulin dependent diabetes mellitus of any population in the world. Nearly half the
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adults develop diabetes by age 35. Today, the prevalence of diabetes exceeds 45 % 
in the adult population, and more than 75 % of the Pima are obese (Ravussin and 
Bogardus, 1990).
In 1990, approximately 44 million Americans 25 years or older were trying to lose 
weight. 61.8 % of men and 59.6 % of women were doing so by increasing their 
physical activity. Both proportions are significantly increased compared to the 1985 
proportions of 56.9 % and 56.2 %, respectively. Twenty-seven percent of those 
persons who saw themselves as overweight were not trying to lose weight. It was 
concluded that more than one third of Americans see themselves as overweight, but 
fewer than two thirds of these persons are trying to lose weight. About 4 % of self- 
perceived underweight persons and 11.4 % of persons who think their weight was 
about right are also trying to lose weight (Horm and Anderson, 1993). A recent study 
indicates that family physicians are frequently faced with the problem of caring for 
overweight patients since 30 % to 40 % of American adults are overweight and 10 % 
are obese. The traditional approach of a physician in treating obese patients, which 
includes diet instruction, dietitian referral, and supportive therapy, has demonstrated 
little success. The results suggest that the traditional approach to treating patients’ 
excessive weight is not helpful from the patient’s viewpoint (Murphee, 1994).
When the prevalences of overweight and obesity in Britain, Canada, and United 
States were compared, the data indicated that prevalence of obesity among US 
women exceeds that of Britain and Canada in every age group. The Percentages of 
obese men in Britain, Canada, and the U.S.A were 8 %, 9 %, and 12 %, while the 
percentages of overweight (BMI > 25-30) were 35, 38, and 40, respectively.
Understanding the reasons underlying the increase in the prevalence of overweight in 
the US and elucidating the potential consequences in terms of morbidity and mortality 
present a challenge to our understanding of the etiology, treatment, and prevention of 
overweight (Kuczmarski et al, 1994). As a result, obesity has become a public health 
concern that has been targeted as a national health objective called “ Healthy People
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2000”. The overall health objective, related to the problem of overweight in adults, 
is to reduce the prevalence from 26 % to < 20 % (Melkus, 1994). Observations 
suggest that the “ Healthy people 2000 ” objective of reducing the prevalence of 
overweight US adults to no more than 20 % may not be met by the year 2000 
(Kuczmarski et al, 1994).
A.l.3.2- In Canada:
A study by Millar & Stephens (1987) on the prevalence of overweight and obesity in 
Britain, Canada, and United States, suggested that of the 4,831 Canadian males 
examined only 5 % were underweight, 48 % were within normal weight, and 38 % 
were overweight and only 8 % were obese. Of 5,448 Canadian women examined 
was 17 %, 54 %, 21 %, and 8 % respectively (Millar & Stephens 1987).
Another study on the Canadian Forces, concerned with the possible adverse effects of 
obesity on military performance and image, adopted the BMI to monitor excess 
weight among its personnel. Approximately 50 % of the men and 25 % of the women 
had a BMI > 25, while 26 % of the men and 12 % of the women had a BMI > 27. 
Except for grip strength, both men and women in higher BMI zones typically 
demonstrated significantly lower fitness and performance scores than those in lower 
BMI zones. For men and women, increasing BMI was associated with progressive 
and significant increases in body weight, chest girth, waist girth, gluteal girth, thigh 
girth, waist-to-hip ratio, and waist-to-height ratio, and decreases between chest- 
minus-waist girths (Jette et al., 1990).
A.l.3.2.1- In Northern Canadian Indians:
Obesity in the native Indian population in the north of Canada was measured using 
girth ratios, height, weight, triceps, and subscapular skinfolds. There were a total of 
704 adults (309 males and 395 females) ranging in age from 20 to 64 years. Almost 
90 % of females aged 45-54 years old had a BMI > 26. Obesity was the central type. 
Age, sex, smoking, alcohol use, marital status and employment were associated with
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the levels of BMI and/ or the sum of skinfold thickness (Young and Sevenhuysen., 
1989).
In European Countries:
In the U.K:
During the past fifty years the weight-height index has increased in Britain and also in 
the United States. This means obesity has become more common in both countries. 
Ashwell (1994), found that the prevalence of obesity in the UK, defined as a body 
mass index (BMI) exceeding 30 is increasing. There has been an increase in the 
number of people classed as overweight or obese (see Table A l.l below). The 
increase has been constant for men and women in all age groups. Obese people with 
a BMI greater than 30 have a much greater risk of dying earlier than people with 
desirable levels of fatness (as do extremely lean people with BMI < 20) (Ashwell,
1994).
Table 1.1. The increase in Prevalence of obesity during the eighties (Quoted from 
Ashwell, 1994.
Sex 1980 1987 1990
MEN:
% Overweight (BMI > 25) 39 45 48
% Obese (BMI >30) 6 8 8
WOMEN:
% Overweight 32 36 40
% Obese 8 12 13
In the UK, the government’s Health o f the Nation Report{\994) has now set targets 
for the reduction of obesity by at least 25 % for men and at least 33 % women by the 
year 2005. Targets for increases in physical activity have still to be published. In the 
long-term, encouraging the total population to take more exercise might be the most 
effective way of preventing obesity (Ashwell, 1994).
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Appendix 2
Questionnaire on Health and Obesity ”
A2.1- General Demographic In formation:
Name :------------------ Address:--------
1- Sex : (1) male (2) female
2- AGE:------
3- AREA: (1) Muharraq
(2) Sitra.
4- Educational Level: (1) Iliterate.
(2) Read only.
(3) Write only.
(4) Primary school.
(5) Intermediate school.
(6) Secondary school.
(7) Diploma.
(8) Higher Education.
(9) Others.
5- Occupation (1) Employed.
(2) Unemployed.
6- Marital status (1) Single (2) Married
(3) Divorced (4) Widowed.
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7- Relation to spouse (1) First degree
(2) Second degree
(3) No relation.
8 -Family member (1) Less than 5
(2) 5 To 7
(3) More than 7.
9- Monthly salary :-----------
10- Do you have a servant? (1) Yes (2) No
11 - Do you have a car? (1) Yes (2) No
12- Number of children (1) State the number
(2) Nil
(3) Not married.
A2.2- Nutritional Information:
1- How many meals consumed per day?
1 2 3 4 5
2- Do you eat anything between breakfast and lunch? (1)
(1) Yes (2) No
3- If yes, what is it?
4- Do you eat anything between lunch and dinner?
(1) Yes (2) No
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5- If yes, what is it?
6- Do you eat anything before going to bed?
(1) Yes (2) No
7- If yes, what is it?
8- Which of these food items, do you think cause obesity?
(1) Yogurt (2) Rice (3) Apple (4) Rahash (traditional sweet)
9- What do energy needs for the human body depend on?
(1) Age (2) Weight (3) Height (4) Type of work
(5) Weather (6) Eating sweets
10- What do you think is a balanced diet?
A2.3- Behavioral Information Regarding Health:
1- Do you smoke?
(l)Yes (2) No (3) Occasionally.
2- Do you practice any sport?
(1) Yes (2) No (3) Occasionally.
3- If you practice any sport, what it is:
(1) Walking (2) Jogging (3) Swimming
(4) Tennis (5) Table-tennis (6) Other.
4- How much time do you spend each time you practice the sport and how often
do you practice it?
Type o f sport Duration Daily Weekly
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A2.4- Behavioral Information Regarding Weight Gain:
1- If you have put on weight, do you eat less than you normally do?
(1) Yes (2) No (3) I don't know.
2- Do you eat less at meal times than you would like to eat the following day?
(1) Yes (2) No (3) I don't know.
3- Do you eat less in between meals?
(1) Yes (2) No (3) I don't know.
4- Do you deliberately eat food with less calories?
(1) Yes (2) No (3) I don't know.
5- Do you go on a diet to lose weight?
(1) Yes (2) No (3) I don't know.
6- Do you consider yourself obese ?
(1) Yes (2) No (3) I don't know.
7- Do you have any relatives who are obese?
(1) Yes (2) No (3) I don't know.
8- If yes, state whom:
(1) Parents
(2) Brothers & Sisters
(3) Aunts
(4) Uncles
(5) Other relatives.
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9- Have you been obese during childlood?
(1) Yes (2) No (3) I don't know
10- Did you become obese after puberty?
(1) Yes (2) No (3) I don't know
11- Did you become obese after childbirth?
(l)Yes (2) No (3) I don't know
A2.5- Information Relating Psychological Behaviour_To Eating Habits:
12- Do you have the desire to eat food:
1- When you are irritated?
(l)Yes (2) No (3) Occasionally.
2- When you are depressed or discouraged?
(1) Yes (2) No (3) Occasionally.
3- When you are feeling lonely?
(1) Yes (2) No (3) Occasionally.
4- When you are upset ?
(1) Yes (2) No (3) Occasionally.
5- If the foods taste good to you?
(1) Yes (2) No (3) Occasionally.
6- When you see others eating?
(l)Yes (2) No (3) Occasionally.
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7- When you are preparing it?
(1) Yes (2) No (3) Occasionally.
A2.6 - Health Information:
1- Are you suffering from any of these diseases:
- Hypertension
(l)Yes (2) No (3) I don't know.
- Arthritis
(l)Yes (2) No (3) I don't know.
- Diabetes
(l)Yes (2) No (3) I don't know. 
-Cardiovascular diseases 
(l)Yes (2) No (3) I don't know. 
-Anaemia
(l)Yes (2) No (3) I don't know.
- A high cholesterol level
(l)Yes (2) No (3) I don't know.
- Kidney stones
(l)Yes (2) No (3) I don't know.
- Backache
(l)Yes (2) No (3) I don't know.
2- Do you have any relatives suffering from any of the above diseases?
3- If yes, state whom:
(3)1 don't know.
(3)1 don't know.
(3)1 don't know.
(3)1 don't know.
1- Parents (l)Yes (2)No
2- Brothers & Sisters (l)Yes (2)No
3- Aunts (l)Yes (2)No
4- Uncles (l)Yes (2)No
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5 -Other relatives. (l)Yes (2)No (3)1 don't know.
A2.7- Nutritional and Social Habits in formations:
1- Do you think that the people in Bahrain are obese?
(1) Yes (2) No (3) I don't know.
2- If you are obese, do your friends give you a hard time about it (make fun of
it)?
(1) Yes (2) No (3) I don't know.
3- Do you think that being obese is supported by:
3.1-Medical and health field professionals?
(1) Yes (2) No (3) I don't know.
3.2- People who are concerned about you?
(1) Yes (2) No (3) I don't know.
3.3- Mass media
(1) Yes (2) No (3) I don't know.
4- Do you think that most people in Bahrain eat a lot (are compulsive eaters or
consume more than they should)?
(1) Yes (2) No (3) I don't know.
5- Do you think that eating too much is supported by:
5.1- Medical and health professionals?
(1) Yes (2) No (3) I don't know.
5.2- People who are concerned about you ?
(1) Yes (2) No (3) I don't know.
5.3- Mass media
(1) Yes (2) No (3) I don't know.
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6- Do you think that the majority of people in Bahrain eat a lot of sweets?
(1) Yes (2) No (3) I don't know.
7- Do the people you know encourage you to eat sweets?
(1) Yes (2) No (3) I don't know.
8- Do you think that eating sweets is supported by:
8.1-Medical and health professionals
(1) Yes (2) No (3) I don't know.
8.2- People who are concerned about you
(1) Yes (2) No (3) I don't know.
8.3- Mass media
(1) Yes (2) No (3) I don't know.
9- Do you think that most of the people you know eat between meals?
(1) Yes (2) No (3) I don't know.
10-Do you think that the people you know encourage you to eat between meals?
(1) Yes (2) No (3) I don't know.
11- Do you think that eating between meals is encouraged by:
11.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
11.2- People who are concerned about you
(1) Yes (2) No (3) I don't know.
11.3-Mass media
(1) Yes (2) No (3) I don't know.
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12-Do you expect that most of the people you know do exercise? 
(1) Yes (2) No (3) I don't know.
13- Do you think that practising sports or exercise is something new?
(1) Yes (2) No (3) I don't know.
14- Do you think that doing exercise is supported by:
14.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
14.2-People who are concerned about you
(1) Yes (2) No (3) I don’t know.
14.3- Mass media
(1) Yes (2) No (3) I don't know.
15- Do you think that most of the people you know practise sports in public
places?
(1) Yes (2) No (3) I don't know.
16- Do you think that doing exercise (practising sport) in public places is
supported by:
16.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
16.2- People who are concerned about you
(1) Yes (2) No (3) I Don't know.
16.3- Mass media
(1) Yes (2) No (3) I don't know.
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17- Do you think that most of the people you know exercise in their houses?
(1) Yes (2) No (3) I don't know.
18- Do you think that exercising in the home is encouraged by:
18.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
18.2- People who are concerned about you
(1) Yes (2) No (3) I don't know.
18.3- Mass media
(1) Yes (2) No (3) I don't know.
19- Do you think that most of the people go on a diet to lose weight if they feel
they are obese?
(1) Yes (2) No (3) I don't know.
20- Do you think that this view existed before?
(1) Yes (2) No (3) I don't know.
21- Do you think that most of the people you know encourage you to go on a
diet if they feel you have become obese?
(1) Yes (2) No (3) I don't know.
22- Do you think that going on a diet is supported by:
22.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
22.2- People who are concerned about you
(1) Yes (2) No (3) I don't know.
22.3- Mass media
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(1) Yes (2) No (3) I don't know.
23- Do you think that being obese is a sign of prestige?
(1) Yes (2) No (3) I don't know.
24- Do you think that this view existed before?
(1) Yes (2) No (3) I don't know.
25- Do you think that most of the people you know believe that obesity is a sign
of prestege?
(1) Yes (2) No (3) I don't know.
26-Do you think that being obese as a sign of prestege is encouraged by:
26.1- Medical and health professionals
(1) Yes (2) No (3) I don't know.
26.2- People who are concerned about you
(1) Yes (2) No (3) I don't know.
26.3- Mass media
(1) Yes (2) No (3) I don't know.
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Child Dietary sheet
1. Demographic Information:
Childs Name :
Sex and aze:
Mother Name:
Father Name:
Residence:
Educational Level: : <L5l^
2 .  The Child’s Dietary Information: : aJIJLp ola jJjw : Lilj
Remarks Quantity Type of Food MEAL
Olia^la ^ ji jJl
Breakfast jiy^l
Light
Meal 4jL ^
Lunch s-lJL-*)l
Light
Meal
J
Dinner j.1__tA\
Light
Meal
2 -^ j
SjLjL*
5- Information about the Child’s :JikJl OlajJbto : UJtf
Milk Feeding Habits:
1- Type o f Milk Feeding:
Breast Feeding 
Bottle Feeding
IAPLJpj APlOjJ j? —1
Mixed Feeding ouyi
2- What is the duration for milk feeding ? ? «uiai jr
3- When is the first time solid foods 
introduced ? and at what age ?
<J j\P) j? ij*~3
 ^ tlj
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QUANTITIES: o u i O i
Drinks
Arabic Coffee Cup 5^ 5
Arabic Tea Cup 
Small Glass ( '-r> f* ) jX-fi
Big Glass  ^j S  ^  ^LiU) j S  ^
Tea Spoon ^  ^
Dessertspoon ^ubiaJU
Table Spoon (Equal to 3Dessert Spoon) ( a. a* i f\ fukJi ;u*JU 3 jaW) ojS
Cooked Food j£^,
Saucer  ^ < 3 ® )  j*** c f^
Medium Plate
Eating Plate  ^,x?-ia^uj ) j
Meat and Fishes j
Small piece Size o f Match Box c ^ r  up a jj^ e>
Medium Piece Size o f 2 Match Boxes up 2 ^u* *k*p <uki
P/# P/ece o f 3 Match Boxes &  f  c*>jS u *  3 yU* ojS **y
0 j*~p
Types o f  Milk ^jy., ^  y\
Fresh Milk (^ , y) ^  ^
Tin Milk M  ^
Powder Milk ^  joj
Low Faf Milk j j j
No Fat Milk ^  ^  ^
Yogurt ^
Yogurt Drink
Types o f Breads
Arabic Labanies Bread (  ^ ^
Bahraini Bread ^  jyS ^
Roll Bread ( J>w, }
07i/fe S/Zce Bread ^  ^ y
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Brown Slice Bread 
Corn Flakes
Types o f  Bread (cont’d)
Toasted Sweet Bread 
Indian Bread
Egg:Fried Moiled. With Tomato, 
Omelet
Corn Flukes:DessertSpoon.l/2 Cup, 
Small Box
Biscuits: Type & How many Pieces
Ice Cream: Type & Number
Ju ice: Fresh or Tins (metal can or 
small carton)
Vegetables: Type, Mixed with salad 
or not
Fruites: Type & Number
C ~ n  y
( g b~ ) t ^
y pbUb £* ,
6 j j t~ P  5JLp y  i j f S  u u q j  , 1^*1?
Ajhi j  A£y:Ci
jJt- y  <daJ—Jl »3J?jlJi y
51?
IftiOP j  Ipy : i£\j&\
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Appendix 3 
“ Non Significant Results from  Chapter 2 and 3 ”
Please notice that in all these results # : Number and % : Percentage.
Table A3.1.1: The association between afternoon snacking and age for Rural 
subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 41 20 61 67.2 32.8 41.2
30-39 18 18 36 50.0 50.0 24.3
40-49 13 15 28 46.4 53.6 18.9
50 + 15 8 23 65.2 34.8 15.5
Total 87 61 148 58.8 41.2 100
Chi-square Value DF Significance
Pearson 5.092 3 0.1652
Table A3.1.2 : The association between afternoon snacking and age for males.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 45 16 61 73.8 26.2 44.5
30-39 16 12 28 57.1 42.9 20.4
40-49 8 2 10 80.0 20.0 7.3
50 + 26 12 38 68.4 31.6 27.7
Total 95 42 137 69.3 30.7 100
Chi-square
Pearson
Value
3.0724
DF
3
Significance
0.381
Table A3.1.3: The association between afternoon snacking and education for 
Rural subjects.
Education Yes No Total Yes No Total
Category # # # # # %
Illit. & semi- 29 31 60 48.3 51.7 40.5
Primary & 19 10 29 65.5 34.5 19.6
Intermediate
Secondary 12 6 18 66.7 33.3 12.2
Higher educ. 27 14 41 65.9 34.1 27.7
Total 87 61 148 58.8 41.2 100
Chi-square
Pearson
Value
4.555
DF
3
Significance
0.2075
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Table A3.1.4: The association between afternoon snacking and education for
males.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 28 12 40 70.0 30.0 29.9
Primary & 18 5 23 78.3 21.7 16.8
Intermediate
Secondary 15 5 20 75.0 25.0 14.6
Higher edu. 34 20 54 63.0 37.0 39.4
Total 95 42 137 69.3 30.7 100
Chi-square Value DF Significance
Pearson 2.204 3 0.531
Table A3.4.1 The association between consuming of food when depressed or 
discouraged and age for males.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 9 49 58 15.5 84.5 43.6
30-39 8 20 28 28.6 71.4 21.1
40-49 3 7 10 30.0 70.0 7.5
50 + 15 22 37 40.5 59.5 27.8
Total 35 98 133 26.3 73.7 100
Chi-square Value DF Significance
Pearson 7.49 3 0.0578
Table A3.4.2: The association between consuming of food when depressed or 
discouraged and age for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 19 40 59 32.2 67.8 39.3
30-39 7 23 30 23.3 76.7 20
40-49 6 28 34 17.6 82.4 22.7
50 + 4 23 27 14.8 85.2 18.0
Total 36 114 150 24.0 76.0 100
Chi-square Value DF Significance
Pearson 4.19 3 0.242
Table A3.4.3: The association between consuming food when depressed or
discouraged and and age for rural subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 17 42 59 28.8 71.2 40.4
30-39 9 27 36 25.0 75.0 24.7
40-49 8 20 28 28.6 71.4 19.2
50 + 10 13 23 43.5 56.5 15.2
Total 44 102 146 30.1 69.9 100
Chi-squre Value DF Significance
Pearson 2.477 3 0.479
Table A3.4.4: The association between consuming food when depressed or 
discouraged and age for urban subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 11 47 58 19.0 81.0 42.3
30-39 6 16 22 27.3 72.7 16.1
40-49 1 15 16 6.3 93.8 11.7
50 + 9 32 41 22.0 78.0 29.9
Total 27 110 137 19.7 80.3 100
Chi-square Value DF Significance
Pearson 2.777 3 0.427
Table A3.4.5: The association between consuming food when depressed or
discouraged and BMI for males.
Body Mass 
Index
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 6 17 23 26.1 73.9 17.4
20-24.9 12 39 51 23.5 76.5 38.6
25-29.9 9 27 36 25.0 75.0 27.3
30-39.9 7 15 22 31.8 68.2 16.7
Total 34 98 132 25.8 74.2 100
Chi-square Value DF Significance
Pearson 0.576 3 0.904
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Table A3.4.6: The association between consuming food when depressed or
discouraged and BMI for females.
Body Mass 
Index
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 6 12 18 33.3 66.7 12.2
20-24.9 10 29 39 25.6 74.4 26.4
25-29.9 10 34 44 22.7 77.3 29.7
30-39.9 9 35 44 20.5 79.5 29.7
40 + 1 2 3 33.3 66.7 2.0
Total 36 112 148 24.3 75.7 100
Chi-square Value DF Significance
Pearson 1.382 4 0.8474
Table A3.4.7: The association between consuming food when depressed or 
discouraged and BMI for rural subjects.
Body Mass 
Index
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 8 16 24
20-24.9 16 37 53 30.2 69.8 36.6
25-29.9 12 30 42 28.6 71.4 29.0
30-39.9 7 19 26 26.9 73.1 17.9
Total 43 102 145 29.7 70.3 100
Chi-square Value DF Significance
Pearson 0.2796 3 0.964
Table A3.4.8: The association between consuming food when depressed or 
discouraged and BMI for urban subjects.
Body Mass 
Index
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 4 13 17 23.5 76.5 12.6
20-24.9 6 31 37 16.2 83.8 27.4
25-29.9 1 31 38 18.4 81.6 28.1
30-39.9 9 31 40 22.5 77.5 29.6
40 + 1 2 3 33.3 66.7 2.2
Total 27 108 135 20.0 80.0 100
Chi-square Value DF Significance
Pearson 1.012 4 0.91
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Table A3.4.9: The association between consuming food when depressed or
discouraged and education level for female.
Education Yes No Total Yes No Total
Category # # # % % %
IlliL& semi- 12 59 71 16.9 83.1 47.3
Primary & 7 15 22 31.8 68.2 14.7
Intermediate
Secondary 3 12 15 20.0 80.0 10.0
Higher educ. 14 28 42 33.3 66.7 28.0
Total 36 114 150 24.0 76.0 100
Chi-square Value DF Significance
Pearson 4.836 3 0.184
Table A3.4.10: The association between consuming food when depressed or 
discouraged and education level for rural subjects.
Education Yes No Total Yes No Total
Category # # # % % %
Illit. & semi- 20 40 60 33.3 66.7 41.1
Primary & 10 19 29 34.5 65.5 19.9
Intermediate
Secondary 3 14 17 17.6 82.4 11.6
Higher educ. 11 29 40 27.5 72.5 27.4
Total 44 102 146 30.1 69.9 100
Chi-square Value DF Significance
Pearson 1.943 3 0.584
Table A3.4.11: The association between consuming food when depressed or 
discoursged and education leve for urban subjects.
Education Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
Illit. &semi- 9 41 50 18.0 82.0 36.5
Primary & 
Intermediate
1 15 16 6.3 93.8 11.7
Secondary 5 12 17 29.4 70.6 12.4
Higher educ. 12 42 54 22.2 77.8 39.4
Total 27 110 137 19.7 80.3 100
Chi-square Value DF Significance
Pearson 3.151 3 0.369
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Table A3.5.1: The association between “feeling lonely” and the desire to eat food
for males.
Age Yes No Total Yes No Total
category # # # % % %
20-29 31 25 56 55.4 44.6 44.1
3 0-39 16 9 25 64.0 36..0 19.7
40-49 4 5 9 44.4 55.6 7.1
50 + 25 12 37 67.6 32.4 29.1
Total 76 51 127 59.8 40.2 100
Chi-square Va ue DF Significance
Pearson 2.455 3 0.483
Table A3.5.2: The association between “feeling lonely” and the desire to eat 
food for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 14 40 54 25.9 74.1 37.2
30-39 7 23 30 23.3 76.7 20.7
40-49 8 26 34 23.5 76.5 23.4
50 + 9 18 27 33.3 66.7 18.6
Total 38 107 145 26.2 73.8 100
Chi- square Value DF Significance
Pearson 0.9564 3 0.81
Table A3.5.3: The association between “feeling lonely” and the desire to eat food 
for urban subjects.
Age
Category
Yes
#
No
#
Total Yes
%
No
%
Total
20-29 21 33 54 38.9 61.1 40.6
30-39 9 13 22 40.9 59.1 16.5
40-49 4 11 15 26.7 73.3 11.3
50 + 18 24 42 42.9 57.1 31.6
Total 52 81 133 39.1 60.9 100
Chi-square Value DF Significance
Pearson 1.254 3 0.740
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Table A3.5.4: The association between “feeling lonely” and the desire to eat and
BMI for female.
Body Mass 
Index
Yes
#
No
#
Total Yes
%
No
%
Total
<20 2 16 18 11.1 88.9 12.6
20-24.9 11 27 38 28.9 71.1 26.6
25-29.9 13 30 43 30.2 69.8 30.1
30-39.9 10 31 41 24.4 75.6 28.7
40 + 1 2 3 33.3 66.7 2.1
Total 37 106 143 25.9 74.1 100
Chi-square Value DF Signi icance
Pearson 2.793 4 0.593
Table A3.5.5: The association between “feeling lonly” and the desire to eat food 
and BMI for rural subjects.
Body Mass 
Index
Yes
#
No
#
Total Yes
%
No
%
Total
<20 11 12 23 47.8 52.2 16.5
20 - 24.9 24 27 51 47.1 52.9 36.7
25 - 29.9 21 19 40 52.5 47.5 28.8
30 - 39.9 6 19 25 24.0 76.0 18.0
Total 62 77 139 44.6 55.6 100
Chi-square Value DF Signil icance
Pearson 5.526 3 0.137
Table A3.5.6: The association between “feeling lonely” and the desire to eat and 
BMI for urban subjects.
Body Mass 
Index
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 9 8 17 52.9 47.1 13.0
20-24.9 15 24 39 38.5 61.5 29.8
25-29.9 14 22 36 38.5 61.1 27.5
30-39.9 12 24 36 33.3 66.7 27.5
40 + 1 2 3 33.3 66.7 2.7
Total 51 80 131 38.9 61.1 100
Chi-square Value DF Significance
Pearson 1.92 4 0.75
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Table A3.5.7: The association between the desire to eat food when “feeling
lonely”and education level for males.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 26 14 40 65.0 35.0 35.1
Primary & 10 11 21 47.6 52.4 16.4
Intermediate
Secondary 8 7 15 53.3 46.7 11.8
Higher educ. 32 19 51 62.7 37.3 40.2
Total 76 51 127 59.8 40.2 100
Chi-square Value DF Significance
Pearson 2.191 3 0.534
Table A3.5.8: The association between the desire to eat food when “feeling 
lonely” and education level for females.
Education Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
Illit & semi- 16 55 71 22.5 77.5 48.0
Primary & 
Intermediate
4 17 21 19.0 81.0 14.5
Secondary 5 9 14 35.7 64.3 9.7
Higher educ. 13 26 39 33.3 66.7 26.9
Total 38 107 145 26.2 73.8 100
Chi-square Value DF Significance
Pearson 2.73 3 0.435
Table A3.5.9: The association between the desire to eat food when “feeling 
lonely” and education level for rural subjects.
Education Yes No Total Yes No Total
# # # % % %
Illit & Semi- 25 35 60 41.7 58.3 43.2
Primary & 9 17 26 34.6 65.4 18.7
Intermediate
Secondary 9 5 14 64.3 35.7 10.1
Higher educ. 19 20 39 48.7 51.3 28.1
Total 62 77 139 44.6 55.4 100
Chi-square Value DF Significance
Pearson 3.73 3 0.293
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Table A3.5.10: The association between the desire to eat food when “feeling
lonely” and education level for urban subjects.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 17 34 51 33.3 66.7 38.3
Primary & 5 11 16 31.3 68.3 12.0
Intermediate
Secondary 4 11 15 26.7 73.3 11.3
Higher educ. 26 25 51 51.0 49.0 38.3
Total 52 81 133 39.1 60.9 100
Chi-square Value DF Significance
Pearson 5.12 3 0.163
Table A3.6.1: The association between food consumption and the desire to eat 
food when the food tastes good and age for males.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 56 3 59 94.9 5.1 43.7
30-39 26 2 28 92.9 7.1 20.7
40-49 10 10 100 7.4
50 + 38 38 100 28.1
Total 130 5 135 96.3 3.7 100
Chi—square Value DF Significance
Pearson 3.09 3 0.378
Table A3.6.2: The association between food consumption and the desire to eat 
food when the food tastes good is and age for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 37 17 54 68.5 31.5 37.8
30-39 18 10 28 64.3 35.7 19.6
40-49 16 17 33 48.5 51.5 23.1
50 + 18 10 28 64.3 35.7 19.6
Total 89 54 143 62.2 37.8 100
Chi-square Value DF Significance
Pearson 3.66 3 0.30
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Table A3.6.3: The association between food consumption and the desire to eat
food when the food tastes good and age for urban subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 46 10 56 82.1 17.9 41.2
30-39 18 4 22 81.8 18.2 16.2
40-49 10 5 15 66.7 33.3 11.0
50 + 36 7 43 83.7 16.3 31.6
Total 110 26 136 80.9 19.1 100
Chi-square Value DF Significance
Pearson 2.25 3 0.52
Table A3.6.4: The association between food consumption and the desire to eat 
food when the food tastes good and BMI for females.
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 23 0 23 100.0 0.0 17.2
20-24.9 50 3 53 94.3 5.7 39.6
25-29.9 35 1 36 97.2 2.8 26.9
30-39 21 1 22 95.5 4.5 16.4
Total 129 5 134 96.3 3.7 100
Chi-square Value DF Significance
Pearson 1.57 3 0.666
Table A3.6.5: The association between food consumption and the desire to eat 
food when the food tastes good and BMI for female.
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 15 2 17 88.2 11.8 12.1
20-24.9 25 11 36 69.4 30.6 25.5
25-29.9 23 17 40 57.5 42.5 28.4
30-39.9 24 21 45 53.3 46.7 31.9
40 + 1 2 3 33.3 66.7 2.1
Total 88 53 141 62.4 37.6 100
Chi-square Value DF Significance
Pearson 8.665 4 0.07
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Table A3.6.6: The association between food consumption and the desire to eat food
when the food tastes good and education level for males.
Education Yes No Total Yes Yes Total
Category # # # # # %
Illit & semi- 39 1 40 97.5 2.5 29.6
Primary & 23 0 23 100.0 0.0 17.0
Intermediate
Secondary 18 1 19 94.7 5.3 14.1
Higher educ. 50 3 53 94.3 5.7 39.3
Total 130 5 135 96.3 3.7 100
Chi-square Value DF Significance
Pearson 1.75 3 0.63
Table A3.6.7: The association between food consumption and the desire to eat 
food when the food tastes good and educational level for females.
Education Yes
#
No
#
Total
#
Yes
%
Yes
%
Total
%
Illit & semi- 39 13 52 75.0 25.0 38.2
Primary & 
Intermediate
13 2 15 86.7 13.3 11.0
Secondary 13 4 17 76.5 23.5 12.5
Higher educ. 45 7 52 86.5 13.5 38.2
Total 110 26 136 80.9 19.1 100
Chi- square Value DF Significance
Pearson 2.78 3 0.43
Table A3.7.1: The association between the desire to eat food when seeing others 
eating and age for males.
Age
Category
Yes
#
No
#
Total Yes
%
No
%
Total
2 0 -29 47 11 58 81.0 19.0 43.9
3 0-39 23 4 27 85.2 14.8 20.5
40-49 8 1 9 88.9 11.1 6.8
50 4- 29 9 38 76.3 23.7 28.8
Total 107 25 132 81.1 18.9 100
Chi- square Value DF Significance
Pearson 1.22 3 0.75
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Table A3.7.2: The association between the desire to eat food when seeing others
eating and age for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 35 21 56 62.5 37.5 38.4
30-39 19 9 28 76.9 32.1 19.2
40-49 21 13 34 61.8 38.2 23.2
50 + 11 17 28 39.3 60.7 19.2
Total 86 60 146 58.9 41.1 100
Chi-square Value DF Significance
Pearson 5.79 3 0.122
Table A3.7.3: The association between the desire to eat food when seeing 
others eating and age for rural subjects.
Age
Category
Yes
#
Yes
#
Total
#
Yes
%
No
%
Total
%
20-29 44 15 59 74.6 25.4 40.7
30-39 28 8 36 77.8 22.2 24.8
40-49 21 6 27 77.8 22.2 18.6
50 + 14 9 23 60.9 39.1 15.9
Total 107 38 145 73.8 26.2 100
Chi-square Value DF Significance
Pearson 2.52 3 0.47
Table A3.7.4: The association the desire to eat food when seeing others eating 
and age for urban subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 38 17 55 69.1 30.9 41.4
30-39 14 5 19 73.7 26.3 14.3
40-49 8 8 16 50.0 50.0 12.0
50 + 26 17 ■ 43 60.5 39.5 32.3
Total 86 47 133 64.7 35.3 100
Chi-square Value DF Significance
Pearson 2.99 3 0.394
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Table A3.7.5: The association between the desire to eat food when seeing others
eating and BMI for males.
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 21 2 23 91.3 8.7 17.6
20-24.9 40 12 52 76.9 23.1 39.7
25-29.9 30 6 36 83.3 16.7 27.5
30-39 15 5 20 75.0 25.0 15.3
Total 106 25 131 80.9 19.1 100
Chi-square
Pearson
Value
2.734
D
3
Significance
0.435
Table A3.7.6: The association between the desire to eat food when seeing others 
eating and BMI for urban subjects.
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 15 2 17 88.2 11.8 13.0
20-24.9 24 11 35 68.6 31.4 26.7
25-29.9 22 16 38 57.9 42.1 29.0
30-39.9 22 16 38 57.9 42.1 29.0
40 + 1 2 3 33.3 66.7 2.3
Total 84 47 131 64.1 35.9 100
Chi-square Value DF Significance
Pearson 7.12 4 0.13
Table A3.7.7: The association between the desire to eat food when seeing others 
eating and education level for males.
Education
Category
Yes
#
No
#
Total Yes
%
No
%
Total
Illit. & semi- 32 1 39 82.1 17.9 29.5
Primary & 
Intermediate
20 3 23 87.0 13.0 17.4
Secondary 16 2 18 88.9 11.1 13.6
Higher educ. 39 13 52 75.0 25.0 39.4
Total 107 25 132 81.1 18.9 100
Chi-square Value DF Significance
Pearson 2.51 3 0.474
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Table A3.7.8: The association between the desire to eat food when seeing others
eating and education level for females.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 38 34 72 52.8 47.2 49.3
Primary & 16 6 22 72.7 27.3 15.1
Intermediate
Seondary 11 4 15 73.3 26.7 10.3
Higher educ. 21 16 37 56.8 43.2 25.3
Total 86 60 146 58.9 41.1 100
Chi-square Value DF Significance
Pearson 4.214 3 0.34
Table A3.7.9: The association between desire to eat food when seeing others 
eating and education level for rural subjects.
Education Yes No Total Yes No Total
Category # # # % % %
Illit. & semi- 41 18 59 69.5 30.5 40.7
Primary & 24 5 29 82.8 17.2 20.0
Intermediate
Secondary 14 3 17 82.4 17.6 11.7
Higher educ. 28 12 40 70.0 30.0 27.6
Total 107 38 145 73.8 26.2 100
Chi-square Value DF Significance
Pearson 2.712 3 0.44
Table A3.7.10: The association between the desire to eat food when seeing others 
eating and education level for urban subjects
Education Yes No Total Yes No Total
Category # # # % % %
Illit. & semi- 29 23 52 55.8 44.2 39.1
Primary & 12 4 16 75.0 25.0 12.0
Intermediate
Secondary 13 3 16 81.3 18.8 12.0
Higher educ. 32 17 49 65.3 34.7 36.8
Total 86 47 133 64.7 35.3 100
Chi-square Value DF Significance
Pearson 4.484 3 0.214
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Table A3.8.1: The relationship between the desire to eat food when you are
preparing it and age for males.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 49 8 57 86.0 14.0 43.5
30-39 24 3 27 88.9 11.1 20.6
40-40 9 1 10 90.0 10.0 7.6
50 + 27 10 37 73.0 27.0 28.2
Total 109 22 131 83.2 16.8 100
Chi-square Value DF Significance
Pearson 4.038 3 0.257
Table A3.8.2: The relationship between the desire to eat food when you are 
preparing it and age for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 10 46 56 17.9 82.1 37.8
30-39 7 23 30 23.3 76.7 20.3
40-40 5 29 34 14.7 85.3 23.0
50 + 8 20 28 28.6 71.4 18.9
Total 30 118 148 20.3 79.7 100
Chi-square Value DF Significance
Pearson 2.221 3 0.528
Table A3.8.3: The relationship between the desire to eat food when you are 
preparing it and age for urban subjects.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 25 30 55 45.5 54.5 40.7
30-39 12 9 21 57.1 42.9 15.6
40-49 5 11 16 31.3 68.8 11.9
50 + 17 26 43 39.5 60.5 31.9
Total 59 76 135 43.7 56.3 100
Chi-square Value DF Significance
Pearson 2.922 3 0.404
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Table A3.8.4: The relationship between the desire to eat food when you are
preparing it and the BMI for males.
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
<20 22 1 23 95.7 4.3 17.7
20-24.9 43 10 53 81.1 18.9 40.8
25-29.9 26 7 33 78.8 21.2 25.4
30-39.9 17 4 21 81.0 19.0 16.2
Total 108 22 130 83.1 16.9 100
Chi-square Value DF Significance
Pearson 3.23 3 0.348
Table A3.8.5: The relationship between the desire to eat food when you are 
Preparing it and the BMI for females.
Body Mass Index Yes
#
No
#
Total Yes
%
No
%
Total
<20 3 15 18 16.7 83.3 12.3
20-24.9 11 25 36 30.0 69.4 24.7
25-29.9 9 36 45 20.0 80.0 30.8
30-39.9 7 37 44 15.9 84.1 30.1
40 + 0 3 3 0.0 100.0 2.1
Total 30 116 146 20.5 79.5 100
Chi-square Value DF Significance
Pearson 3.74 4 0.443
Table A3.8.6: The relationship between the desire to eat food when you are 
preparing it and the BMI for urban subjects
Body Mass Index Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
< 20 10 1 17 58.8 41.2 12.8
20-24.9 19 18 37 51.4 48.6 27.8
25-29.9 16 20 36 44.4 55.6 27.1
30-39.9 14 26 40 35.0 65.0 30.1
40 + 0 3 3 0.0 100.0 2.3
Total 59 74 133 44.4 55.6 100
Chi-square Value DF Significance
Pearson 5.99 4 0.2003
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Table A3.8.7: The relationship between the desire to eat food when you are
preparing it and education level for males.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 30 9 39 76.9 23.1 29.8
Primary & 21 2 23 91.3 8.7 17.6
Intermediate
Secondary 18 1 19 94.7 5.3 14.5
Higher educ. 40 10 50 80.0 20.0 38.2
Total 109 22 131 83.2 16.8 100
Chi-square Value DF Significance
Pearson 4.36 3 0.23
Table A3.8.8: The relationship between the desire to eat food when you are 
preparing it and Education for female.
Education Yes No Total Yes No Total
Category § # # % % %
Illit. & semi- 14 58 12 19.4 80.6 48.6
Primary & 5 17 22 22.7 77.3 14.9
Intermediate
Secondary 5 10 15 33.3 66.7 10.1
Higher educ. 6 33 39 15.4 48.6 26.4
Total 30 118 148 20.3 79.7 100
Chi-square Value DF Significance
Pearson 2.27 3 0.52
Table A3.8.9: The relationship between the desire to eat food when you are 
preparing it and education level for rural subjects.
Education Yes No Total Yes No Total
Category # # # % % %
Illit. & semi- 21 32 59 45.8 54.2 41.0
Primary & 17 12 29 58.6 41.4 20.1
Intermediate
Secondary 13 4 17 76.5 23.5 11.8
Higher educ. 23 16 39 59.0 41.0 27.1
Total 80 64 144 55.6 44.4 100.0
Chi-square Value DF Significance
Pearson 5.6 3 0.133
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Table A3.8.10: The relationship between the desire to eat food when you are
preparing it and education level for urban subjects.
Education Yes No Total Yes No Total
Category # # # % % %
Illit & semi- 17 35 52 32.7 67.3 38.5
Primary & 9 7 16 56.3 43.8 11.9
Intermediate
Secondary 10 7 17 58.8 41.2 12.6
Higher educ. 23 27 50 46.0 54.0 37.0
Total 59 76 135 43.7 56.3 100.0
Chi-square Value DF Significance
Pearson 5.27 3 0.153
Table A3.9.1: The relationship between being obese and earnings for males.
Monthly Yes No Total Yes No Total
Pay (BD) # # # % % %
< 100 3 37 40 7.5 92.5 29.4
100-300 14 69 83 16.9 38.1 61.0
300-500 4 8 12 33.3 66.7 8.8
500 + 0 1 1 0.0 100.0 0.7
Total 21 115 136 15.4 48.6 100.0
Chi-square Va] ue DF Significance
Pearson 5.186 3 0.16
Table A3.9.2: The relationship between being obese and earnings for females.
Monthly 
Pay (BD)
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
< 100 9 31 40 22.5 77.5 27.8
100-300 24 51 75 32.0 68.0 52.1
300-500 10 13 23 43.5 56.5 16
500 + 3 3 6 50.0 50.0 4.2
Total 46 98 148 31.9 68.1 100.0
Chi-square Value DF Significance
Pearson 3.95 3 0.27
Table A3.9.3: The relationship between being obese and earnings for urban
subjects.
Monthly 
Pay (BD)
Yes
#
No
#
Total Yes
%
No
%
Total
%
< 100 8 31 39 20.5 79.5 28.3
100-300 20 54 74 27.0 73.0 53.0
300-500 10 10 20 50.0 50.0 14.5
500 + 1 4 5 20.0 80.0 3.6
Total 39 99 138 28.3 71.7 100.0
Chi-square Value DF Significance
Pearson 6.041 3 0.11
Table A3.9.4 : The relationship between being obese and age for males.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 10 50 60 16.7 83.3 44.1
30-39 6 22 28 21.4 78.6 20.6
40-49 3 7 10 30.0 70.0 7.4
50 + 2 36 38 5.3 94.7 27.9
Total 21 115 136 15.4 84.6 100.0
Chi-square Value DF Significance
Pearson 5.48 3 0.14
Table A3.9.5: The relationship between being obese and age for females.
Age
Category
Yes
#
No
#
Total
#
Yes
%
No
%
Total
%
20-29 20 36 56 35.7 64.3 83.9
30-39 12 18 30 40.0 60.0 20.8
40-49 7 25 32 21.9 78.1 22.1
50 + 7 19 26 26.9 73.1 18.1
Total 46 93 144 31.9 68.1 100.0
Chi-square Value DF Significance
Pearson 3.056 3 0.383
Table A3.9.6: The relationship between being obese and age for rural subjects.
Age Yes No Total Yes No Total
Category # # # % % %
20-29 14 42 56 25.0 75.0 39.4
30-39 9 27 36 25.0 75.0 25.4
40-49 4 23 27 14.8 85.2 19.0
50 + 1 22 23 4.3 95.7 16.2
Total 28 114 142 19.7 80.3 100.0
Chi-square Val ue DF Signficance
Pearson 5.464 3 0.141
Table A3.9.7: The relationship between being obese and age for urban subjects.
Age Yes No Total Yes No Total
Category # # # % % %
20-29 16 44 60 26.7 73.3 43.5
30-39 9 13 22 40.9 59.1 15.9
40-49 6 9 15 40.0 60.0 10.9
50 + 8 33 41 19.5 80.5 29.7
Total 39 99 138 28.3 71.7 100.0
Chi-square Value DF Significance
Pearson 4.38 3 0.223
Table A3.9.8: The relationship between being obese and education level for males.
Education Yes No Total Yes No Total
Category # # # % % %
Illit. & semi- 5 35 40 12.5 87.5 29.4
Primary & 2 21 23 8.7 91.3 16.9
Intermediate
Secondary 4 15 19 21.1 78.9 14.0
Higher educ. 10 44 54 18.5 81.5 39.7
Total 21 115 136 15.4 84.6 100.0
Chi-square Value DF Significance
Pearson 1.92 3 0.59
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Appendix 4
“Additional Results from Chapter 4 ”
Table A4.1 The relationship between the BMI of the mother and different 
variables of the child (Correlation Coefficient).
Mother’s Body Mass Index Child’s Variables Significance 
* (P  Value)
<20 Child’s Weight (kg) ns
20-24.9 Child’s Height (cm) ns
25-29.9 Child’s BMI ns
30-39.9 Weaning Age ( month ) *
>40 Duration of breast feeding (months ) *
Energy ( Kcal) *
* Significant result ( P < 0.05). ns = non significant results
Table A4.2 The relationship between the BMI of the father and different variables 
of the child (Correlation Coefficient).
Father’s Body Mass Index Child’s Variable Significance 
*( P value )
<20 Child’s Weight (kg) 0.05
20-24.9 Child’s Height (cm) ns
25-29.9 Child’s BMI 0.05
30-39.9 Weaning Age ( months ) ns
>40 Duration of breast feeding (months) 0.023
Energy ( Kcal) ns
* Significant result ( P < 0.05). ns = non significant results
Table A4.3 The relationship between mother’s education and different child 
variables (Correlation Cofficients).
Mother’s Education Child’s Variable Significance 
* (P  Value)
Illiterate & Semi-literate 
Primary & Intermediate School 
Secondary School 
Higher Education
Child’s Height (cm)
Child’s Weight (kg)
Child’s BMI 
Type of Milk Fed 
Duration of breast fed (month) 
Weaning Age ( month )
ns
ns
ns
ns
ns
* <0.0001
* Significant results ( P < 0.05). ns = non significant results
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Table A4.4 Relationship between education of the mother and age of weaning 
(ANOVA).
Mother’s Education Weaning Age (month) Significance 
*(P Value)
Illiterate & Semi-literate 8 *
Primary & Intermediate School 4.0 ns
Secondary School 4.2 ns
Higher Education 4.1 ns
* Significant results ( P < 0.05). ns = non significant results
Table A4.5 Stepwise Multiple Linear Regression Analysis carried out between child’s 
BMI and different child’s variables such as child’s age, gender, weight, 
energy intake, child’s triceps and subscapular skinfold thicknesses, weaning 
age, father’s and mother’s BMI, and father’s and mother’s education.
Independent
Variable
Dependent Variable ( Child’s BMI) 
(> 7 Variables)
Average wt. 
(n=34)
Overweight
(n—33)
Obese
(n—39)
Total
(n=106)
r2 = 0.81
& P Value
r =0.87 
& P Value
r = 0.60
& P Value
r =0.59  
& P Value
Father’s BMI ns ns ns ns
Mother’s BMI ns ns ns ns
Father’s Educ. ns ns ns ns
Mother’s Educ. ns ns ns ns
Family Income ns ns ns ns
Child’s Age ns 0.0000 0.0032 0.0000
Child’s Gender 0.0053 0.0245 ns ns
Energy Intake 0.0104 ns ns ns
Child’s Weight ns 0.0000 0.0000 0.0000
Triceps ns ns ns ns
Subscapular 0.0000 ns ns 0.0079
Weaning Age ns ns ns ns
r = Regression Coefficient ns = non significant correlation
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Table A4.6 Stepwise Multiple Linear Regression Analysis carried out between 
child’s triceps skinfold thickness and different child’s variables such 
as child’s BMI, age and gender, father’s and mother’s BMI, father’s 
and mother’s education.
Independent
Variable
Dependent Variable ( Child’s Triceps) 
( 7 Variables)
Average wt. 
Group(n=34)
Overweight
Group(n=33)
Obese
Group(n-39)
Total
(n=106)
r = 0.81
& P Value
r =0.58 
& P Value
r = 0.14
& P Value
r =0.55  
& P Value
Father’s BMI ns ns ns ns
Mother’s BMI ns ns ns ns
Father’s Educ. ns ns ns ns
Mother’s Educ. ns ns ns ns
Family Income ns ns ns ns
Child’s Age ns ns 0.02 0.016
Child’s Gender ns 0.018 ns ns
Child’s BMI ns 0.0000 ns ns
2  1 1 I ■ " , i
r = Regression Coefficient ns = non significant correlation
Table A4.7 Stepwise Multiple Linear Regression Analysis carried out between 
child’s triceps skinfold thickness and different child’s variables such 
as child’s BMI, age, gender, weight, energy intake, and subscapular 
skinfold thicknesses, father’s and mother’s BMI, father’s and 
mother’s education.
Independent
Variable
Dependent Variable ( Child’s Triceps) 
(> 7 Variables)
Average wt. Overweight Obese Total
(n=34) (n=33) (n-39) (n-106)
r=  0.71 r =0.63 r =0.28 r =0.43
& P Value & P Value & P Value & P Value
Father’s BMI ns ns ns ns
Mother’s BMI ns ns ns ns
Father’s Educ. ns ns ns ns
Mother’s Educ. ns ns ns ns
Family Income ns ns ns ns
Child’s Age ns ns ns ns
Child’s Gender ns ns ns ns
Energy Intake 0.025 0.015 ns ns
Child’s BMI ns ns ns ns
Child’s Weight ns ns ns ns
Subscapular 0.0000 0.0000 0.0005 0.0000
Weaning Age ns ns ns ns
rz — Regression Coefficient ns = non signi] leant correlatioi
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Table A4.8 Stepwise Multiple Linear Regression Analysis carried out between 
child’s WHR and mother’s and father’s WHR.
Independent
Variable
Dependent Variable ( Child’s WHR)
Average wt. Overweight Obese Total
(n=34) (n=33) (n=39) (n=106)
/ =  0 r‘= 0.19
©II ©II
& P Value & P Value & P Value & P Value
Father’s WHR ns ns ns ns
Mother’s WHR ns ns ns ns
r = Regression Coefficient ns = non significant correlation
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Table A4.9 Different percentages of the percentiles of BMI, triceps skinfold 
thickness, subscapular, height for age, height for weight, and age for 
weight of children divided according to their mother’s BMI, where 
>: 5th & > 10th percentile represents light weight, 25-75th average 
weight, > 85th overweight, and > 90 obese.
PERCENTILE AVERAGE Wt. % OVERWEIGHT OBESE % TOTAL %
(n = 34) % (n = 33) (n--34) (n = 106)
# % # % # % # %
BMI:
> 5th 7 6.6 5 4.7 3 2.8 15 14.1
> 10th 5 4.7 6 5.7 5 4.7 16 15.1
25-75th 16 15.1 15 14.2 21 19.8 52 49.1
> 85th 1 0.9 3 2.8 4 3.8 8 7.5
> 90th 5 3.7 4 3.8 6 5.7 15 14.2
Triceps:
> 5th 8 7.5 1 0.9 4 3.8 13 12.2
>10th 5 4.7 6 5.7 2 1.9 13 12.3
25-75th 15 14.2 22 20.8 28 26.4 65 61.4
> 85th 0 0 3 2.8 3 2.8 6 5.6
> 90th 6 5.7 1 0.9 2 1.9 9 8.5
Suhscapular: 
> 5th 0 0 1 0.9 0 0 1 0.9
> 10th 2 1.9 1 0.9 2 1.9 5 4.7
25-75th 20 18.9 23 21.7 34 22.6 77 63.2
> 85th 4 3.8 4 3.8 6 5.7 14 13.3
>. 90th 8 7.5 4 3.8 7 6.6 19 17.7
Height for Age: 
> 5th 10 9.4 11 10.4 13 12.3 34 32.1
>10th 7 6.6 7 6.6 3 2.8 17 15.5
25-75th 14 13.2 12 11.3 17 16.0 43 40.5
> 85th 1 0.9 1 0.9 1 0.9 3 2.7
> 90th 2 1.9 2 1.9 5 4.7 9 8.5
Height fo r  Weight: 
> 5th 10 8.5 9 9.4 5 4.7 24 22.6
>10th 4 4.7 5 2.8 6 5.7 15 13.2
25-75th 13 13.2 14 12.3 20 18.9 47 44.4
> 85th 3 0 0 2.8 2 1.9 5 4.7
7>90th 4 4.7 5 3.8 6 5.7 15 14.2
Age fo r  Weight: 
> 5th 11 10.4 11 10.4 12 11.3 34 32.1
> 10th 7 6.6 6 5.7 6 5.7 19 18.0
25-75th 12 11.3 11 10.4 14 13.2 37 34.9
> 85th 1 0.9 1 0.9 5 4.7 7 6.5
'Z90th 3 2.8 4 3.8 2 1.9 9 8.5
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Table A4.10 Different numbers and percentages of the percentiles of BMI, triceps 
skinfold thickness, subscapular skinfold thickness, height for age, 
height for weight, and age for weight of children (male & female) 
divided according to their mother’s BMI, where > 5th & > 10th are 
considered light weight, 25-75th average weight, > 85th are 
overweight, and > 90 obese.
PERCENTILE AVERAGE Wt. 
MOTHERS (n =  34)
OVERWEIGHT 
MOTHERS ( n = 3 3 )
OBESE 
MOTHERS (n = 39)
BMI Male Female Total Male Female Total Male Female Total
> 5th 4 3 1 2 3 5 1 2 3
> 10th 3 2 5 3 3 6 2 3 5
25-75th 7 9 16 9 6 15 11 10 21
> 85th 1 0 1 2 1 3 0 4 4
> 90th 2 3 5 4 0 4 4 2 6
Triceps
> 5th 3 5 8 0 1 1 3 1 4
>10th 2 3 5 4 2 6 2 0 2
25-75th 9 6 15 12 10 22 10 18 28
> 85th 0 0 0 3 0 3 2 1 3
> 90th 3 3 6 1 0 1 1 1 2
Subscapular
> 5 th 0 0 0 1 0 1 0 0 0
> 10th 1 1 2 1 0 1 2 0 2
25-75th 9 11 20 12 11 23 7 17 24
> 85th 1 3 4 2 2 4 3 3 6
> 90th 6 2 8 4 0 4 4 3 7
Height for Age
> 5th 5 5 10 9 2 11 6 7 13
>10th 2 5 7 2 5 7 1 2 3
25-75th 8 6 14 7 5 12 8 9 17
> 85th 1 0 1 1 0 1 1 0 1
> 90th 1 1 2 1 1 2 2 3 5
Height for Weight
> 5th 5 5 10 6 3 9 3 2 5
>10th 2 2 4 2 3 5 2 4 6
25-75th 7 6 13 8 6 14 9 11 20
> 85th 2 1 3 0 0 0 0 2 2
> 90th 1 3 4 4 1 5 4 2 6
Age for Weight
> 5th 6 5 11 8 3 11 6 6 12
> 10th 3 4 7 1 5 6 1 5 6
25-75th 6 6 12 7 4 11 6 8 14
> 85th 0 1 1 0 1 1 4 1 5
> 90th 2 1 3 4 0 4 1 1 2
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Table A 4 .ll Different numbers of the percentiles of BMI, triceps skinfold 
thickness, subscapular skinfold thickness, height for age, height for 
weight, and age for weight for the children (male & female) divided 
according to their mother’s BMI, where < 5th & > 10th are 
considered light weight, > 25th are average weight, > 75th are 
overweight, and > 90 were obese.
PERCENTILE AVERAGE 
(n = 34)
OVERWEIGHT 
(n = 33)
OBESE
(n=39)
BMI Male Female Total Male Female Total Male Female Total
> 5th 4 3 7 2 3 5 1 2 3
>10th 3 2 5 3 3 6 2 3 5
>25th 5 6 11 5 4 9 8 8 16
> 75th 3 3 6 6 3 9 3 6 9
> 90th 2 3 5 4 0 4 4 2 6
Triceps 34 33 39
> 5 th 3 5 8 0 1 1 1 3 4
> 10th 2 3 5 4 2 6 2 0 2
>25th 5 4 9 9 6 15 5 12 17
> 75 th 4 2 6 6 4 10 7 7 14
> 90th 3 3 6 1 0 1 1 1 2
Subscapular 34 33 39
> 5th 0 0 0 1 0 1 0 0 0
> 10th 1 1 2 1 0 1 2 0 2
Z25th 6 8 14 8 6 14 6 9 15
> 75th 4 6 10 6 7 13 6 9 15
> 90th 6 2 8 4 0 4 4 3 7
Height for Age 34 33 39
> 5 th 4 5 9 9 2 11 6 7 13
>10th 3 5 8 2 5 7 1 2 3
>25th 7 6 13 5 4 9 7 8 15
> 75th 2 0 2 3 1 4 2 1 3
> 90th 1 1 2 1 1 2 2 3 5
Height for Weight 34 33 39
> 5th 5 5 10 6 3 9 3 2 5
> 10th 2 2 4 2 3 5 2 4 6
> 25th 7 6 13 4 6 10 7 10 17
> 75th 2 1 3 4 0 4 2 3 5
^ 90th 1 3 4 4 1 5 2 4 6
Age for Weight 34 33 39
> 5th 5 5 10 8 3 11 6 6 12
> 10th 3 4 7 1 5 6 1 5 6
> 25th 6 6 12 4 3 7 3 6 9
> 75 th 1 2 3 3 2 5 3 7 10
> 90th 2 0 2 4 0 4 1 1 2
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Table A4.12 Different percentages of the percentiles of BMI, triceps skinfold thickness, 
subscapular skinfold thickness, height for age, height for weight, and age 
for weight for the children (male & female) divided according to their 
mother’s BMI, where < 5th & > 10th are considered light weight, > 25th are 
average weight, > 75th overweight, and > 90 were obese.
CHILD AVERAGE Wt. OVERWEIGHT OBESE
PERCENTILE MOTHERS MOTHERS MOTHERS
(n =  34) % (n =33) % ( n =  39) %
Male Female Total Male Female Total Male Female Total
BMI
2 5th 11.8 8.8 20.9 6.1 9.1 15.2 2.6 5.1 7.7
> 10th 8.8 5.9 14.7 9.1 9.1 18.2 5.1 7.7 12.8
> 25 th 14.7 17.6 32.4 15.2 12.1 27.3 20.5 20.5 41.0
> 75th 8.8 8.8 17.6 18.2 9.1 27.3 7.7 15.4 23.1
> 90th 5.9 8.8 14.7 12.1 0 12.1 10.3 5.1 15.4
100 100 100
Triceps
> 5th 8.8 14.7 23.5 0 3.0 3.0 2.6 7.7 10.3
2 10th 5.9 8.8 14.7 12.1 6.1 18.2 5.1 0 5.1
> 25th 14.7 11.8 26.5 27.3 18.2 45.5 12.8 30.8 43.6
> 75th 11.8 5.9 17.6 18.2 12.1 30.3 17.9 17.9 35.9
2 90th 8.8 8.8 17.6 3.0 0 3.0 2.6 2.6 5.1
100 100 100
Subscapular
2 5th 0 0 0 3.0 0 3.0 0 0 0
2 10th 2.9 2.9 5.9 3.0 0 3.0 5.1 0 5.1
2 25th 17.6 23.5 41.2 24.2 18.2 42.4 15.4 23.1 38.5
2 75th 11.8 17.6 29.4 18.2 21.2 39.4 15.4 23.1 38.5
I>90th 17.6 5.9 23.5 12.1 0 12.1 10.3 7.7 17.9
100 100 100
Height for age
> 5th 11.8 14.7 26.5 27.3 6.1 33.3 15.4 17.9 33.3
2 10th 8.8 14.7 23.5 6.1 15.2 21.2 2.6 5.1 7.7
2 25th 20.6 17.6 38.2 15.2 12.1 27.3 17.9 20.5 38.5
2 75th 5.9 0 5.9 9.1 3.0 12.1 5.1 2.6 7.7
> 90th 2.9 2.9 5.9 3.0 3.0 6.1 5.1 7.7 12.8
100 100 100
Height for 
weight
2 5th 14.7 14.7 29.4 9.1 27.3 27.3 7.7 5.1 12.8
2 10th 5.9 5.9 11.8 9.1 15.2 15.2 5.1 10.3 15.4
•2.25th 20.6 17.6 38.2 18.2 30.3 30.3 17.9 25.6 43.6
2 75th 5.9 2.9 8.8 0 12.1 12.1 5.1 7.7 12.8
2 90th 2.9 8.8 11.8 3.0 15.2 15.2 5.1 10.3 15.4
100 100 100
Age for weight
2 5th 14.7 14.7 29.4 24.2 9.1 33.3 15.4 15.4 30.8
210th 8.8 11.8 20.6 3.0 15.2 18.2 2.6 12.8 15.4
2 25th 17.6 17.6 35.3 12.1 9.1 21.2 7.7 15.4 23.1
2 75th 2.9 5.9 8.8 9.1 6.1 15.2 7.7 17.9 25.6
2 90th 5.9 0 5.9 12.1 0 12.1 2.6 2.6 5.1
100 100 100
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Table A4.13 Numbers and percentages of the percentiles of BMI, triceps skinfold 
thickness, subscapular skinfold thickness, height for age, height for 
weight and age for weight, where not overweight = > 5th, > 10th 
and 25th percentile and overweight — > 75th and > 90th percentile.
CHILD AVERAGE Wt. OVERWIGHT OBESE TOTAL
PERCENTILE MOTHERS MOTHERS MOTHERS ( n = 106)
(n =-34) (n =■33) (n =■39)
# % # % # % # %
BMI
Not overweight 29 85.3 29 87.9 33 84.6 91 85.8
Overweight 5 14.7 4 12.12 6 15.4 15 14.2
100 100 100 100
Triceps
Not overweight 28 82.4 32 97 37 94.9 97 91.5
Overweight 6 17.6 1 3.03 2 5.1 9 8.5
100 100 100 100
Subscapular
Not overweight 26 76.5 29 87.9 32 82.1 87 82.1
Overweight 8 23.5 4 12.12 7 17.9 19 17.9
100 100 100 100
Height for Age
Not overweight 32 94.1 31 93.9 34 87.2 97 91.5
Overweight 2 5.9 2 6.1 5 12.8 9 8.5
100 100 100 100
Height for Weight
Not overweight 30 88.2 28 84.8 33 84.9 91 85.8
Overweight 4 11.8 4 15.2 6 15.4 15 14.2
100 100 100 100
Age for Weight
Not overweight 32 94.1 29 87.9 37 94.9 98 92.5
Overweight 2 5.9 4 12.12 2 5.1 8 7.5
100 100 100 100
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Appendix 5
“ Procedures Used fo r  Measuring the Lipid Profile ”
A. 5- Procedures:
The Procedures and techniques used to measure total serum cholesterol, triglycerides, 
HDL-cholesterol and glucose in this study are those outlined in the Stanbio 
Laboratory Manual, San Antonio, Texas (1995).
A. 5.1- Cholesterol Examination:
A.5.1.1- Manual Procedures:
An enzymatic-colorimetric method was used [ cholestrol oxidase (Trinder)]
1. Blood should be collected following a 12 hour fast.
2. Pipette into cuvettes the following volumes (ml) and mix well.
Reagent 
Blank (RB)
Standard
(S)
Sample
(U)
Reagent 1.0 1.0 1.0
Standard 0.01
Sample 0.01
3. Incubate all cuvettes at 37° C for 5 minutes or at room temperature for 10 minutes.
4. Read (S) and (U) vs RB at 500 nm within 60 minutes.
A. 5.2- HDL-Cholesterol Examination:
A.5.2.1- HDL Separation Procedure
A combination of enzymetic method and precipitation was used.
1. To 0.5 ml (500ul) serum, or plasma in a test tube or centrifuge tube add 0.05 ml (50 
ul) HDL Precipitating Regent.
2. Mix well (vortex) and allow to stand 5 minutes.
3. Centrifuge for 10 minutes at high speed (1000 xg).
4. Use clear supernatant, which contains HDL Cholesterol as sample
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A.5.2.2- Manual Procedure:
1. Pipette into cuvettes the following volumes (ml) and mix well:
Reagent 
Blank (RB)
Standard
(S)
Sample
(U)
Reagent 1.0 1.0 1.0
Standard 0.025
Supernatant 0.025
According to the manual instructions, all volumes may be doubled if the instrument 
requires volumes greater than 1.0 ml.
2- All cuvettes were incubated at 37 C for 5 minutes or incubated at room 
temperature for 10 minutes.
3- The S and U vs RB was read at 500 nm within 60 minutes.
A.5.3- Triglycerides Examination:
A.5.3.1- Manual Procedure:
An enzymatic-colorimetric method was used [ glycerophosphate oxidase(GPO)].
1. Pipette into cuvettes the following volumes (ml) and mix well:
Reagent 
Blank (RB)
Standard
(S)
Sample
(U)
Reagent 1.0 1.0 1.0
Standard 0.01
sample 0.01
According to the manual instructions, all volumes may be increased if the instrument 
requires volumes greater than 1.0 ml.
2- All cuvettes were incubated at 37 C for 5 minutes or incubated at room temperature 
for 10 minutes.
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3- The S and U vs RB was read at 500 nm within 60 minutes.
A.5.3.2- LDL Cholesterol:
After calculating total serum cholesterol, HDL cholesterol, and triglycerides for all 
the women, LDL cholesterol is calculated by using the following equation:
LDL Cholesterol = Total Serum Cholesterol - HDL Cholesterol - Triglyceride /5
(Jama, 1993).
A.5.4- Glucose Examination:
A.5.4.1- Manual Procedure:
An enzymatic-colorimetric method was used (glucose oxidase)
1. Pipette into cuvettes the following volumes (ml) and mix well:
Reagent 
Blank (RB)
Standard
(S)
Unknown
(U)
Reagent 1.0 1.0 1.0
Standard 0.01
Sample 0.01
According to the laboratory manual, all volumes may be increased proportionally for 
spectrophotometers requiring volumes greater than 1.0 ml.
2. Incubate all cuvettes at 37 C for 5 minutes or incubate at room temperature for 10 
minutes.
3. Read (S) and (U) vs RB at 500 nm within 60 minutes.
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